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Frepverick QO. A. ALmguist, Principal Sanitary Engineer, Connecticut State Department 
of Health, Hartford, Conn. 
(Term expires September 1951) 


Stantey M. Dore, Assistant Chief Engineer, Allegheny County Sanitary Authority, 
Pittsburgh, Penna. 
(Term expires September 1952) 
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Wittman B. Durry, Superintendent, Public Works, North Andover, Mass. 
(Term expires September 1951) 
Rocer G. Oakman, Superintendent, Water Division, Needham, Mass. 
(Term expires September 1952) 


Attan F. McAtary, Superintendent and Treasurer, Camden & Rockland Water Com- 
pany, Rockland, Maine. ‘ 
(Term expires September 1953) 


PAST PRESIDENTS 
Artuur C. Kine, Superintendent, Taunton Water Works, Taunton, Mass. 


Swney S. ANTHONY, Superintendent, Augusta Water District, Augusta, Maine. 


SECRETARY 
JosepH C. Knox, Secretary, New England Interstate Water Pollution Control Commis- 
sion, Boston, Mass. 


TREASURER 
Wituiam P. Mettey, Commissioner, Milton Water Department, Milton, Mass. 


EDITOR 
Grorce C. Houser, 220 Clyde Street, Brookline 67, Mass. 


THE Association was organized in Boston, Mass., on June 21, 1882, with the object 
of providing its members with means of social intercourse and for the exchange of 

knowledge pertaining to the construction and management of water works. From an 
original membership of only TWENTY-SEVEN, its growth has prospered until now it in- 
cludes the names of 900 men. Its membership is divided into six classes, viz.: 

A Member shall be an officer or employee of a public or private water works, an engineer, chemist or 
other person qualified to aid or i d in the ad of k ledge relative to water works. 

An Honorary Member shall be a person of acknowledged i in some branch of water supply on 
of engineering. 

A Junior shall be not less than eighteen years nor more than twenty-five years of age, a student or 
connected with water supply work, 

An Associate shall be either a person, firm or corporation engaged in manufacturing or furnishing materials 
or supplies for the construction or maintenance of water works. 


A Corporate Member shall be either a Water Board, Commission, Company or Municipal Corporati 
The initiation fees and annual dues are as follows: 
Initiation Fees Annual Dues 
Corporate Members .................. 10.00 Corporate Members .................. 10.00 


This Association has at least eight regular meetings each year, of which five are 
held in Boston, one in northern New England, one in southern New England, and one, 
the annual convention, held in September on such date as the Executive Committee may 
designate. 
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If your requirements call for transmission or distri- 
bution mains of 16” diameter or larger, Lock Joint 
Pipe Company can provide high quality concrete 
pressure pipe in all standard diameters and some 
intermediate sizes. Starting at a minimum of 16”, 
Lock Joint Concrete Pressure Pipe is produced in 
32 different diameters, and its four distinct types of 
structural design cover every working condition 
common to American water works practice. 


Not only does Lock Joint Concrete Pressure Pipe 
qualify fully under A.W.W.A. specifications, but it 
alone embodies, in a conventionally designed pipe 
priced to meet competition, all the nine time-tested 
characteristics listed at right: 


@ PERMANENT HIGH CARRYING CAPACITY 


@ PROOF AGAINST TUBERCULATION, CORROSION 
AND ELECTROLYTIC DAMAGE 


@ IMMUNITY TO RUPTURE OR BLOW-OUT 

@ SAFETY UNDER EXTREME EXTERNAL LOADS 
@ EVERY JOINT FLEXIBLE AND WATERTIGHT 
@ EASILY TAPPED 


@ SPECIALS TO MEET INDIVIDUAL 
SPECIFICATIONS 


@ USEFUL LIFE CONSERVATIVELY ESTIMATED 
AT 100 YEARS 


@ MINIMUM MAINTENANCE AND REPAIR COSTS 


Whether your proposed line is large or small it will pay you to use Lock Joint 
Concrete Pressure Pipe, the pipe of proven durability, economy and dependability. 


LOCK JOINT PIPE COMPA 


Eet. 1905 
P.O. Box 269, East Orange, N. J. 


Pressure Pipe Plants: 

Wharton, N. J. © Turner, Kan. * Detroit, Mich. 
BRANCH OFFICES: Casper, Wyo. + Cheyenne, Wyo. + Denver, 
Col. + Kansas City, Mo. + Valley Park, Mo. + Chicago, Ill. 
Rock Island, Ill. + Wichita, Kan. +« Kenilworth, N. J. + Hartford, 
Conn, Tucumcari, N. Mex. Oklahoma City, Okla. Tulsa, Okla. 
SCOPE OF SERVICES—Lock Joint Pipe Company spe- 
cializes in the manufacture and installation of Reinforced 
Concrete Pressure Pipe for Water Supply and Distribu- 
tion Mains in a wide range of diameters as well as 
Concrete Pipes of all types for Sanitary Sewers, Storm 
Drains, Culverts and Subaqueous Lines. 
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Precision made for precision 
measurement! That's why 
Rockwell Arctic and Tropic type 
disc meters are so extremely 
sensitive. It also explains why 
they need so little attention 

and last so long—without 
costly reconstruction 


TROPIC TYPE 
For Warm Climates 


or replacement of major 
assemblies. Rockwell disc 
meters are strong and 
dependable. They reflect credit 
to the judgment of those 


who use them. 


ARCTIC TYPE 
For Cold Climates 


PITTSBURGH E,PA. «+ Atienta «+ Beston + Chicago 


Cotumbus + Houston « Kansas City 
New York + Pittsburgh « Sen Francisca + Seettie 


tes Angeles 


Tulse 
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D iscovery of contamination 
in the mains was mighty disturbing 
to a certain New England town of 
15,000 people, extremely proud of 
its pure water supply. But the cure 
was simple and sure — %Propor- 
tioneers% Chlorine Dioxide Sys- 
tem in ten days entirely eliminated 
the contamination while the mains 
were in use. In addition, the chlor- 
ine dioxide “saved face” for the 
water works since the treatment 
was completed virtually unbe- 
known to the water users. 


TREATMENT: %Proportioneers% hydraulic- 
ally operated Chem-O-Feeder, complete with 
Chlorine Dioxide Generator, was easily in- 
stalled as shown in the diagram. No elec- 


PARTIALLY CLOSED VALVE 
CORPORATION) 
COCK 


For use in by-pass around 
partially closed gate valve 
acting as a variable orifice 
to maintain a disinfecting 
residual while main is in 
use, 


tricity or other outside power was required. 
A residual of 1 ppm as measured with O. T. 
was established in the mains and gave an 
actual residual of 2.5 ppm Cl and ClOo — 
without noticeable taste or odor. After 10 
days, tests proved the sterilization complete, 
and the treat t was di tinued 


TODAY, in peace or war, pure 
water is a “must”! Every 
water works needs this 
emergency sterilization 
equipment. % Proportion- 
eers% Chlorine Dioxide Sys- 
tem is the ideal unit. . . it’s 
complete, ready for instant 
use: to sterilize new mains, to 
eliminate contamination, to 
meet the emergencies of 
war. Investigate now, while 
equipment is still available. 
Write for bulletins. 


% Proportioneers, Inc. % 366 


Harris Ave., Providence 1, 
Rhode Island. 


PROPOATIONEERS 


Many are the reasons why Smith hydrants 
are used by Americas leading cities ! 


George Washington 
Bridge, N. Y. 


Capitol Buildi 
Wash, D.C 


Independence Hall, 
Phila. 


New York — Philadelphia — Washington — Ballti- 
more—St. Louis—Providence and scores of other 
cities throughout the nation use SMITH hydrants 
—and not without good reason. A few of these 
reasons can easily be seen upon inspection of the 
hydrant section shown at the left. 


1 Working parts easily removed from top. 
2 Frangible couplings for collision protection. 
3 Maximum flow due to large stand pipe areas, 
4 Tapered, frost-proof barrel 
5 Compression-type valve. 
6 Positive action drain—always closed when main valve is 
open. 
31 
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FORD M.B.CO, WABASH,IND. 


for EVERY SETTING 


Ford Yokes are made in styles to meet 
every meter setting condition—indoors 
or out. Regardless of location, the Ford 
Yoke makes settings easier, removes 
Pipe strains, saves labor and keeps 
meter connections permanently aligned 
for fast changes. Roughly, Ford Yokes 
are made in three styles: 
1. Riser Yokes, to use where the 
meter must be raised above 
the service line. 


. Angle Yokes, to satisfy a ver- 
tical inlet, horizontal outlet 
condition. 
. Straight Line Yokes, for set- 
ting meters in a_ horizontal 
line without raising the level 
of the meter. 
Every Ford Yoke is permanently satis- 
factory. Send for full information. 


FOR BETTER WATER SERVICES FORT g 


THE FORD METER BOX COMPANY, INC. Wabash, Indiana 
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..- this steel water pipe is protected 


inside and out by 


KOPPERS BITUMASTIC ENAMEL 


This 48” steel pipe is part of Phila- 
delphia’s water system. Interior and 
exterior surfaces are fully protected by 
Koppers Bitumastic® 70-B Enamel. 

Inside the pipe, a glass-smooth spun 
lining of Bitumastic 70-B Enamel pre- 
vents rust, corrosion and tuberculation 

. will keep flow capacity high—not 
only at the beginning, but even after 
decades of service. This results in re- 
duced pumping costs; it also makes it 
unnecessary to specify over-sized pipe 


in order to compensate for “‘shrinkage.”’ 
On the outside of the pipe, Bitumastic 
70-B Enamel prevents pitting and leak- 
age... keeps maintenance and replace- 
ment costs low. 

It pays to protect your community’s 
steel pipe lines with Koppers Bitumas- 
tic Enamels. Koppers Contract De- 
partment will handle your coating 
jobs from start to finish, furnishing 
skilled workmen and specialized equip- 
ment. Submit your problems to us. 


_BITUMASTIC enamets 


REG. U.S. PAT. OFF 


KOPPERS COMPANY, INC., Tar Products Division, Dept. 1206T, Pittsburgh 19, Pa. 
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Mathews Modernized Hydrants 
offer these advantages 


Simplicity of design 


heed minimum of movin 
gives you a dependa 


Made by R. D. 


Public Ledger Building, inde 
Philadelphia 5, Po. 


Manufacturers of “Sand-Spun" Pipe 
(contrifugally cast in sand molds) 
and R. D. Wood Gate Valves 


9 Parts with ry 


nce, the drain valve, an 
automatic and req 


'99ed construction 
th the minimum of 
integral 
vires no 


Wood Company 
pendence Square 


Operating thread only part needing lu- 
brication + Stuffing box cast integral with 
nozzle section—positively leakproof 
+ Head turns 360° + Replaceable head + 


Nozzle sections easily changed + Noz- 
zle levels raised or lowered without ex- 


cavating + Protection case of ‘‘Sand- 
Spun” cast iron for extra strength, 
toughness, elasticity + A modern barrel 
makes an old Mathews good as new + 
Available with mechanical joint pipe 
connections 


maintenance. For insta 
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IT’S MEANT & 
FoR youl! & 


This new MUELLER Blue Top Catalog is meant 
to provide engineers and water works men 
with a simple, accurate means of selecting 
their water works brass goods requirements. 
It illustrates the complete Blue Top Line and 
gives full dimensional data on each item. 
You'll find it invaluable for constant reference, 
so if you haven't a copy handy right now, 
don't delay — write for one today. 
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The Centriline process is extremely flex- 
ible in providing linings of variable 
thickness in accordance with the degree 
of protection necessary. The thickness 
of the lining is controlled in inverse pro- 
portion to the forward speed of the Cen- 
trifugal machine. Thus, when cleaning 
reveals sections of a main particularly 
affected by electrolysis or corrosion and 
strengthening is desirable, an increase in 
thickness is obtained by slowing the 


> PP PIPE LINING 
FACTS NO. 4 


speed of the machine. 

No matter what plate thickness or 
plate conditions are encountered—seri- 
ous deterioration and penetration in- 
cluded—the flexibility of the Centriline 
Process restores capacity to better than 
new and vastly increases the life expec- 
tancy of the pipeline. 


A A WRITE TODAY FOR THE 28 PAGE 


CENTRILINE CATALOG 


Reg. U. S. Pat. Off. 


CENTRILINE CORPORATION CEMENT MORTAR LININGS FOR WATER MAINS 


Centrifugally Applied in Strict Conformity 
with A.W. W. A. Specifications a 
Branch Offices in all Principal Cities in the United ; 
States and Latin America 
American Pipe & Construction Company of Los Angeles, Calif. (P.O. Box 3428, 
Terminal Annex) Licensee Western Part of U. S. 


A subsidiary of Raymond Concrete Pile Co. 
142 CEDAR STREET@®NEW YORK 6, N. Y. 
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Onin precious water for a thirsty 


| 
Municipal consumption of water in the 
United States has risen from two billion 
to over twelve billion gallons per day during 
the last fifty years. 

In many areas, this rapid increase in the 
use of water is posing a serious problem. 
It means that water supplies must be con- 
served to the limit if they are to continue 
to meet an ever-growing demand. 

It is not surprising, therefore, that more 
and more water-works officials are seeking 
ways to cut water losses as one practical 
step toward the solution of this problem. 

Since recent studies indicate that many 
localities are losing as much as 10% of 
water pumped because of underground leak- 
age, an important question to be answered 
in any water conservation program is this: 
“How can I plan to reduce this major cause 
of water loss to a minimum?” 

Community after community has 
found the answer in Transite Pressure 
Pipe. 

The unusual success of Transite Pipe in 
combatting underground water losses is due 
to a combination of two factors: (1) The 
design of the Simplex Coupling used for 
assembly, and (2) the ability of the pipe to 
maintain its strength in service. 


Because flexibility is engineered into the 
Simplex Coupling, this factory-made joint 
is virtually unaffected by pipe line stresses 
that so often result in the loosening and 
failure of conventional type joints. No par- 
ticular skill is required for its proper as- 
sembly, which is readily checked by the 
use of a simple gauge immediately after the 
pipe ends are joined. 


Moreover, Transite’s maintained strength 
provides a further safeguard against costly 
underground water losses. In thousands of 
installations representing a wide variety of 
municipal soils, this asbestos-cement pipe 
has proved its exceptional ability to with- 
stand corrosion ... to maintain its strength 
under conditions which have seriously im- 
paired the structural integrity of other pipe 
materials. 


Reducing the amount of “‘water pumped 
but not paid for” on your books—a saving 
in dollars as well as water—is only one of 
many important economies which Transite 
Pipe can offer you. Savings on installation, 
savings on pumping costs, savings on main- 
tenance . . . these are further reasons why 
you will want all the facts about this modern 
asbestos-cement pipe developed by Johns- 
Manville to carry water more efficiently. 


JM Johns-Manville 
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For complete information write Johns-Manville, 
Box 290, New York 16, N. Y. 


TRANSITE PRESSURE PIPE 


Transite is a registered Johns-Manville trade mark 
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WATER OF THE WORLD” 


Badger Stands for 


more than Meters 


Yes, you'll find every type and size 
of meters in the complete Badger 
line... but you get more than 

rs from Badger. You get com- 
pie'> meter service: 


® !‘ependable recommendations 
for every water-measuring need ... 
Badger-engineered and precision- 
built mechanical features that as- 
sure you full revenue by unfail- 
ingly recording every drop of water 
used . .. rugged quality that means 
maximum service life, minimum 


“MEASURING THE 


First for Accuracy « 


Low-Cost Maintenance « 


Durability + Sensitivity 


maintenance, lowest year-in and 
year-out water-metering costs. 


@ You get successful Badger back- 
ground of nearly half a century... 
meter installation and servicing 
counsel . . . meter-reading features 
that save time and money .. . effi- 
cient Badger Meter Testing Ma- 
chines, and many Badger engi- 
neered exclusive advantages @ For 
complete meter service, you'll find 
it pays to contact Badger. 


BADGER “< METERS 


BADGER METER MFG. CO., Milwaukee 10, Wis. 


Branch Offices: New York City * Philadelphia 
Worcester, Moss. * Savannah, Go. * Cincinnati * Chicago * Kansas City * Waco, Texos 
Salt Loke City, Utch * Guthrie, Okla. * Seattle, Wash. * Los Angeles 
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THOMAS R. CAMP 
President of the New England Water Works Association, 1950-51. 
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New England Water Works Association 


ORGANIZED 1882 


Vor. LXV Marcu, 1951 No. 1 


This Association, as a body, is not responsible for the statements or opinions of any of its members 


WATER SUPPLIES FOR ARMY BASES IN ALASKA 


BY W. L. HYLAND? AND G. M. REECEt 
[Read December 15, 1949.) 


WATER-SUPPLY problems in Alaska are quite different from those 
in more temperate zones, largely because of climatic conditions. Ex- 
cept for areas adjacent to the coastline, much of Alaska north of the 
60th parallel is a so-called “permafrost” area; that is, ground below 
the depth of penetration of seasonal frost is permanently frozen and 
has been in this condition since the Ice Age, about one million years 
ago. 

This frozen condition is not uniform, but varies between localities 
and even in the same locality. The permafrost may be near the sur- 
face or it may be some distance below the surface, and may be a few 
feet or 1,000 ft or more in thickness. The temperature of perma- 
frost varies from 25° F. near the active layer to almost 32° F. at great 
depths. Water pipes going through the frozen material must be pro- 
tected. It has been our practice to provide concrete boxes or utilidors* 
for the water pipes and for the sewer and steam pipes as well. 

In the permafrost region, swamps, lakes and rivers are promi- 
nent features of the landscape and the terrain appears to abound 
with water. However, locating an ample all-year-round supply is 
often difficult. The rivers and lakes freeze to a great depth, at times 
to a depth in excess of 6 ft, and the protection of an intake in a 
relatively shallow river or lake in a flat terrain—such as the country- 
side around Fairbanks—would be costly. In addition, many of the 
streams are heavily laden with glacial silt that further limits their 
use as a source of water supply. The most dependable source of 
water supply in a permafrost area is deep wells driven into strata be- 


tPartner, Fay, Spofford & Thorndike, 11 Beacon St., Boston 8, Mass. 
Engineer, Fay, Spofford & Thorndike. 


*See paper entitled ‘‘Utilidors for Water, Sewer and Steam Utilities in Arctic Regions,” by W. L. 
Hyland and M. H. Mellish, in Civil Engineering, January, 1949. 


1 


a 

7 

42 

3 

| 

4 

g 
| 
- 
inc 4 


WATER SUPPLIES FOR ARMY BASES IN ALASKA 


low or between the permafrost; the better source usually being below 
the permafrost, where the yield is usually large and the water as a 
rule is of good appearance. Figure 1 is a diagram showing the occur- 
rences of ground water in the permafrost region. 


\ 


. SHOWING DIFFERENT OCCURRENCES 
OF GROUND-WATER IN THE PERMAFROST REGION. 


This paper will describe ground-water supplies and treatment 
facilities developed for Ladd Air Force Base, located in the perma- 
frost area near Fairbanks, and surface-water supply and treatment 
facilities for Fort Richardson, located near Anchorage, where the 
ground is not permanently frozen. 


WATER SUPPLY—FAIRBANKS AREA 


The water supplies for the air fields in the vicinity of Fairbanks 
are taken from wells 60 to 180 ft deep which, in the majority of cases, 
extend below permafrost. Since the ground temperature in the arctic 
and sub-arctic is close to freezing, the ground water likewise is only 
a few degrees above freezing. Temperatures of well waters in the 
Fairbanks area average about 35° F. during the summer months and 
vary little during the other seasons of the year. The water level of 
the wells at Ladd Air Force Base is 12 to 15 ft below the ground 
level and that at Eielson Air Force Base is but 6 to 8 ft below the 
ground level. 

A chemical analysis of well waters from the Fairbanks area shows 


2 
Spring & 97 forces weter 
ae 
Lr 
WAN 
i 


W. L. HYLAND AND G. M. REECE 3 


iron to be present in quantities greater than the limits recommended 
by the drinking-water standards of the U. S. Public Health Service. 
We have noted that iron has been present usually in ground waters 
of permafrost areas with which we are familiar in Alaska and Canada. 
As expected, manganese always accompanies the iron. Table 1 gives 
a typical analysis of water from one of the most frequently used wells 
at Ladd AFB. It is a relatively hard water—about 160 ppm of hard- 
ness—most, if not all, being of a bicarbonate nature; the pH is near 
the neutral point, and the iron and manganese total more than 4.0 
ppm. The turbidity of the water is zero upon being drawn from the 
well, but it increases upon standing. The iron content of the water 
in the wells in the Fairbanks area varies from 2.5 ppm to as much 
as 25.0 ppm of iron as Fe. No satisfactory correlation could be ob- 
tained between the depths of the waterbearing strata and the amount 
of iron in the water. 


TABLE 1.—TypicaAL ANALYSIS OF WATER FROM WELL No. 6— 
Lapp Arr Force BASE 


Temperature 
Turbidity 0 
pH 7.15 


Total solids 

Alkalinity (phenolphthalein) as CaCO, 
Alkalinity (methyl orange) as CaCO, 
Total hardness (soap method) as CaCO, 
Calcium as Ca 

Magnesium as Mg 

Sulfates as SO, 

Phosphates as P.O; 

Iron as Fe 

Manganese as Mn 


The well waters were acceptable bacteriologically. 

The Department of the Army follows the recommendations for 
drinking-water standards adopted by the U. S. Public Health Service, 
which state that iron and manganese should not exceed 0.3 ppm. The 
Army further stipulates in its Engineering Manual that no treatment 
for the reduction of hardness is required unless the hardness of the 
water exceeds 250 ppm, except for laundry water and boiler water. 
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(It has been estimated, however, that for a civilian community, where 
the cost of treatment is borne by the consumer, it is more economical 
to remove hardness at a central treatment plant, when the hardness 
exceeds 100-125 ppm.) 

The water-treatment problem at Ladd AFB resolved itself into 
one of removing iron and manganese from the water. It is known 
that, normally, the iron and manganese can be removed by a number 
of ways, the basic methods being: 


(1) By aeration and the passage of water through coke beds (where the iron 
and manganese oxides produced and the iron and manganese bacteria 
deposited on the coke act to remove these metal compounds from the 
water), followed by settling and sand filtration. 

(2) By coagulation at a high pH value, followed by filtration. Lime is an 
excellent coagulant in this method. 

(3) By filtration through a base-exchange material adopted for the removal 
of iron and manganese. 

(4) By the application of free-residual chlorination to a water, followed by 
settling (or by a contact period) and sand filtration. This method is 
ineffective on some water, but effective on others. 


To determine which method would be most satisfactory from an 
operational and economical point of view, a pilot-plant water-testing 
laboratory was established at Ladd Air Force Base, including an 
aeration and coke-treatment pilot plant, and a base-exchange pilot 
plant. Other methods of iron and manganese removal were tried with 
the jar-test procedure. Tests were conducted during the summer of 
1948. Figure 2 shows the inside of the pilot plant. The wooden 
barrel is a part of the aeration and coke pilot plant; the metal con- 
tainer on the left is a part of the base-exchange pilot plant. 

Summarized briefly, the results obtained were as follows: 

(1) Aerating the water and filtering it through coke removed 
only about 50% of the iron, unless the water was allowed to warm 
up during the settling period, in which case more iron was removed. 
Water was trickled through the coke, passed upward through the 
coke, and passed downward through the coke, which was submerged 
in the water. The method used in passing the water through the coke 
made no appreciable difference in the percentage of iron reduction. 

(2) Lime, used as a coagulant to raise the pH of the water, re- 
moved the iron and manganese quite satisfactorily at a pH of about 
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Fic. 2—INsIpDE OF THE PILoT PLANT. 


8.0 without adding appreciably to the hardness. Lime in sufficient 
quantities would remove the hardness in this water as well as the iron 
and manganese. 

(3) The base-exchange method was successful in removing all 
the iron and manganese and it also removed all the hardness. Since 
the percentage of removal of the iron had to be so great, split treat- 
ment was not feasible. 

(4) Chlorine in sufficient quantities to produce a 30-minute 
residual of 0.5 ppm caused the removal of iron and manganese to 
acceptable limits after filtration. Most of the removal took place in 
the filter. 

Chemicals, such as lime and salts for regenerating the base- 
exchangers, have to be shipped to Alaska from the United States. The 
freight increases the costs of these chemicals some threefold and 
would make the treatment of the water expensive. In addition, large 
quantities of chemicals would have to be stored at the site to take 
care of any delay in the arrival of the chemicals. Chlorine, which is 
used in much smaller quantities than either lime or salt, can be stored 
much more conveniently, since it comes in steel cylinders. Moreover, 
post regulations at Ladd Air Force Base required that the residual 
chlorine in the water at all times be 0.4 ppm. The most desirable 
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method of treatment proved to be the removal of iron and manganese 
by the use of chlorine. 

There are two populated areas at Ladd Air Force Base, separated 
by about two miles. Whereas in the temperate zone one treatment 
plant would serve both such areas, here the high cost of connecting 
the two areas by means of a heated water main made it more economi- 
cal to build two treatment plants. 

The treatment process consists of applying gaseous chlorine to 
the raw well water as it enters the treatment plant, slow mixing of the 
water to assure thorough contact, settling in a “contact” basin and 
thence passing the water through rapid sand filters. Storage is pro- 
vided in a clear-well, whence the treated water is pumped into 
the distribution system via a pneumatic tank. The design capacities 
of the two treatment plants designed for ultimate construction at 
Ladd Air Force Base are 1.2 mgd and 1.8 mgd at average rate of 
flow. The more important features of the smaller plant are discussed 
below. All units except the filters are designed for three-fourths of 
the load. When required, increased facilities will be added. 

Two slow-mixing units, with vertical mechanical stirrers for 
thoroughly mixing the chlorine with the raw water, are used. The 
detention time at the average rate of flow is 30 minutes. Piping is so 
arranged that the tanks can be operated in series or in parallel. Each 
tank is 12 ft square by 9 ft deep to the water line. 

The settling tanks, which have the same 12-foot width as the 
mixing tanks, are each 50 ft long and have an average depth of 6 ft to 
the water level. To minimize short-circuiting as much as possible, 
the influent end of the tank is provided with a series of circular open- 
ings, so as to direct and spread the flow of water. No mechanical 
scraping devices will be used with the chlorine method of treatment, 
as would be necessary with lime treatment. These tanks may be oper- 
ated either in series or in parallel. Our intent has been to make the 
mixing- and settling-tank facilities as flexible as practicable. The 
overflow rate is approximately 1,000 gal per sq ft per day and pro- 
vides a detention time of 60 min. This overflow rate is based on the 
average rate of flow for ultimate design population, although initi- 
ally sufficient tanks are provided for only three-fourths of the ulti- 
mate design population. Provision has been made for expansion when 
future growth of the post warrants. 
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The filter units have been designed for a filtering rate of 2 gal 
per min per sq ft at the average daily rate of flow, an additional al- 
lowance being made for wash-water requirements. Three filters have 
been used, each being 13'0”X13'0" square. Cast-iron wash-water 
gutters and a perforated cast-iron underdrainage system have been 
provided. Each filter is provided with a rotary surface washer. The 
filters were made large enough to handle the ultimate design popu- 
lation. 

Since Alaskan construction costs are high and an elevated 
storage tank would have to be heated, it has been more economical 
to provide wash-water pumps rather than elevated wash-water tanks. 
Each plant is provided with two 3,000-gpm pumps, designed to oper- 
ate under a total dynamic head of 75 ft, one of each pair to serve 
as a standby unit. Water will be drawn from the clear-well for this 
purpose. 

The clear-water storage was designed only large enough to 
handle the hourly variation in current domestic demand, and has a 
capacity of approximately 300,000 gal. Clear-water basins are lo- 
cated under the settling basins and would normally expand with 
them when necessary. It was felt that, with adequate pumping fa- 
cilities, the natural ground-water storage was sufficient to supply the 
fire requirements. 

In addition to the wells for domestic use, separate wells with 
pumps exclusively for fire use are provided, to pump chlorinated, but 
otherwise untreated, water directly into the mains. These pumps 
have dual drives and can be controlled either locally or at a central 
remote point. A surge tank is introduced into the line in each pump 
house, to prevent excessive water-hammer when these pumps are 
started or stopped. Two fire wells have been provided for the military 
area, each well being a 24-inch gravel-packed well, with pumping 
capacity rated to deliver 750 gpm at a gage pressure of 75 psi. 

No elevated storage has been provided, because of the severe 
climatic conditions. Water is pumped directly from the clear-well 
into the 25,000-gallon pneumatic tank and thence discharged into the 
distribution system. The pneumatic tank is used for the control of 
surges as well as for pressure-control operations. The following pump 
capacities are provided: one at 0.5 mgd, one at 1.0 mgd, one at 1.5 
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mgd, and one standby at 3.0 mgd. All pumps are electric-motor- 
driven. In case of power failure, an emergency supply of chlorinated 
raw water can be obtained from the dual-drive equipment in the fire- 
well pumping stations. High-lift pumps in the treatment plants will 
be automatically controlled from the pneumatic tank in rate steps of 
0.5 mgd. The maximum pressure in the tank will be 75 psi and the 
minimum 60 psi. All pumps are so placed as to have a flooded suction 
at all times. 

WatTER SuPPLY—ANCHORAGE AREA 


Climatic conditions in the vicinity of Anchorage, which is about 
250 miles southerly of Fairbanks, are not nearly as severe as those 
at Fairbanks; the weather can be likened to that of northern Maine. 
Seasonal frost penetrates the ground to depths of 7 to 9 ft and deep 
trenching is required for the water mains. 

Ship Creek, which originates in tlhe mountains east of Anchorage 
at about elev. 4,000, flows by Fort Richardson and Anchorage and 
empties into Knik Arm. It is a non-glacial stream, with yearly flow 
fluctuations of 20 to 1,500 cfs, and it provides the water require- 
ments of Fort Richardson and the city of Anchorage. The water 
is relatively soft, about 65 ppm of hardness expressed as CaCO,, 
with a pH of 7.6. The other chemical characteristics are within the 
limits established by the U. S. Public Health Service (see Table 2). 


TABLE 2.—TypicAL CHEMICAL ANALYSIS OF WATER FROM SHIP CREEK 


Turbidity See Table 3 
pH 


Total solids 


Alkalinity (phenolphthalein) as CaCO, 0 

Alkalinity (methyl orange) as CaCO, 65 

Total hardness (soap method) as CaCO, 65 

Calcium as Ca 23.8 
Magnesium as Mg LS 
Sulfates as SO, 12.0 
Chlorides as Cl 10.6 
Nitrates as NO, 2.0 
Silica as SiO, 11.0 
Phosphorus as P.O; 15.0 


Iron as Fe 
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The watershed is uninhabited. Normally the water has no turbidity, 
but during the spring thaws and autumn rains the turbidity increases 
from below 10 ppm to over 200 ppm (see Table 3). Although the 
turbidity of the stream is below 10 ppm for the greatest part of the 
year, the turbidity during the other times makes the water objection- 
able for domestic use, and it was decided that treatment, which was 
started when Fort Richardson was first built, would be continued and 
improved. 


TABLE 3.—MAGNITUDE AND FREQUENCY OF TURBIDITY OF WATER OF SHIP CREEK 


Range in Number of days 

turbidity Total 
(ppm) Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. days 

Year 1947 

11-20 1 7 2 1 2 1 2 16 

21-40 1 3 1 1 2 8 

41-100 1 5 3 a 2 14 

101-200 3 3 

Over 200 3 1 4 

Maximum turbidity, 350 ppm on 20 March. 


Year 1948 


11-20 7 7 1 1 2 1 1 20 
21-40 2 6 8 1 1 1 19 
41-100 1 3 1 1 6 
101-200 1 2 3 
Over 200 5 5 


Maximum turbidity, 375 ppm on 9 and 10 April. 


At the time the old water-treatment plant was built, a temporary 
dam and intake were built on Ship Creek, about 6% miles east of 
Fort Richardson and about 3,000 ft from the treatment plant. This 
dam was a shallow, rock-filled, wooden-crib-type structure of a tem- 
porary nature and required constant maintenance and repair. Al- 
though the intake was heated, difficulties were encountered during the 
winter months in keeping the intake open, because of icing conditions. 

To insure a safe and dependable water supply, a concrete 
gravity-type dam with intakes at two levels was designed. Two water- 
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supply intakes are to be installed, 20 and 10 ft below the spillway 
crest. We have provided compressed-air outlets around the intake 
racks and gates in the event that compressed air is needed to prevent 
icing. 

The water-supply line from the intake to the water-treatment 
plant is a 30-inch cast-iron pipe, laid on a gravel bed and backfilled 
to a minimum cover of 5 ft. 

The location of the proposed dam is in a narrow gorge, approxi- 
mately 600 ft upstream from the existing dam and intake. The shape 
of the reservoir is narrow and the stream bed steep, so that the 
storage capacity per foot of dam height is small; the gross capacity 
of the reservoir is about 5 mil gal. The minimum flow of the stream 
was estimated to be such as to serve adequately the needs of the post 
and the city of Anchorage. 

The data on rainfall and stream run-off in Alaska, like other 
sparsely inhabited areas, are inadequate. Weather conditions vary 
so between localities in Alaska that it is unsafe to attempt to fit the 
conditions of one locality with those of another. An estimate of future 
conditions is predicated on the wise choice of assumptions and cor- 
relating their findings with the limited observed data. 

The watershed area of Ship Creek is partly wooded and contains 
some 92 sq mi. The timber line appears to be about 1,000 ft above 
the level of the spillway, and the terrain adjacent to the storage basin 
has moisture-retentive characteristics. From the records available, 
the greatest run-offs take place during the spring thaws and the au- 
tumn rains. 

The average annual flood flow of Ship Creek appears to be in 
the order of 1,500 to 2,000 cfs, with 3,000 cfs occurring more in- 
frequently. Although data in regard to past flood peaks are vague, a 
peak flow of 8,000 cfs is expected to be reached. This amount has 
been verified somewhat by high-water indications along Ship Creek, 
as well as our attempt to construct a synthetic unit hydrograph on 
known and assumed conditions. 

Exploratory borings were made at the dam site, to determine 
foundation and abutment conditions. The bed of the stream and the 
side walls of the canyon were rock, identified as predominantly green- 
stone lava with an intermingling of greenstone tuff, nearly black in 
color. Figure 3 is a rendering of the dam and intake. 
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SHIP CREEK DAM INTAKE 
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The spillway or overflow section of the dam is an ogee gravity 
type, designed to discharge 8,000 cfs under a head of 15 ft. The up- 
stream face of the dam has been thickened, to assure stability under 
ice pressure of 20,000 lb per linear foot, the ice being 3 ft thick. The 
toe of the spillway section terminates in a curve, whose downstream 
face is parallel to the bed of the stream in preference to an upturned 
bucket. 

The intake structure is adjacent to the spillway on the upstream 
face of the dam. It is of reinforced concrete construction, semi- 
circular in shape, and is composed of a dry well and wet wells for in- 
take at two levels, an operating floor, and a superstructure. The 
superstructure contains a manually operated jib crane for the re- 
moval of the equipment, gate stands for manually operating the in- 
terior intake gates, and a hot-air, oil-fired heater for heating the entire 
structure. Oil tanks have been placed in a small, separate, slightly 
heated building adjacent to the control house. 

The two intakes are protected by semi-circular coarse racks and 
are equipped with sluice gates, located within the intake structure. 
Two removable screens of %-inch mesh are located within the intake 
structure, so as to screen water taken at either level. The wet wells 
are so arranged that either intake gate or screen can be repaired 
and cleaned while the other is in operation. 

The sluicing conduits, passing through the dry well of the intake 
structure, are so placed as to be able to carry silt away from the two 
intakes. The investigation of the cost of various types of gates has 
resulted in choosing a 3-foot-diameter, electrically operated pivot- 
type valve in conjunction with a manually operated, 3-foot-diameter, 
circular sluice gate, located upstream. Both gates would normally 
be closed. When sluicing, the upstream gate would be opened wide 
and the flow would be controlled by the pivot valve. These gates are 
protected by a bar trash rack. Grooves are placed in the influent 
flume, to facilitate the repair of sluice gates if necessary. These 
gates can also be used to limit the flow of water over the dam during 
periods of flood flows. 

The old water-treatment plant at Fort Richardson, built just 
before our entry into World War II, is of a temporary nature. It is 
of all-wood construction, with circular, concentric mixing and settling 
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tanks, and circular rapid-sand filters. Coagulation is obtained by 
using lime and alum. Since the mixing is poor and settling is not 
complete, the rapid-sand filters are overloaded and clog quickly. Be- 
cause of limited funds, it is proposed to build a new treatment plant 
in two stages. The first stage will be the construction of permanent- 
type mixing and settling basins, large enough to handle the filtering 
capacity of the existing filters—3.0 mgd at average daily flow rates 
—with provisions for future extension of mixing and settling tanks 
and new rapid-sand filters. The existing rapid-sand filters, while of 
a temporary nature, are considered adequate to meet the present re- 
quirements of the post when acting in conjunction with the more 
efficient mixing-and-settling-tank installations in the new treatment 
plant. 

The existing clear-well and chlorinating equipment will be used 
in conjunction with the new construction. The design of the initial 
construction will provide for economical enlargement at some later 
date. 

Experience in the operation of the present filter plant indicates 
that a satisfactory floc can be obtained with the use of alum and lime. 
The proposed first stages of new construction would consist of rapid 
mixers, slow-mix basins, settling basins and chemical feeders, and 
storage room. 

Since all treatment facilities in this part of Alaska must be cov- 
ered to prevent their freezing, it was decided to make the settling 
tanks a two-story affair for economic reasons. The plant has been 
designed so that all units are duplicated, in order to allow the oper- 
ator greater flexibility in operation and for plant-scale experimenta- 
tion. See Figure 4 for a rendering of the water-treatment plant. 

Immediately after alum and lime are added, the mixture is 
stirred rapidly in a vertical rapid-mix basin with mechanical stirrers. 
The influent enters the bottom and leaves at the top. Mixing time is 
one minute at average rate of flow. The size of the unit, one for each 
mixing tank, is 3’ 6” x 3’ 6” x 13’6”. 

The slow-mix basins, or flocculation basins, are an integral part 
of the settling basins. The depth is therefore relatively shallow and 
the width is twice the depth, allowing the use of two parallel rows of 
paddles with successive blades in each row normal to preceding blades, 
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and opposite blades in the parallel rows normal to each other. The 
detention time for average rate of flow is 40 min. A baffle with 
orifices has been placed at the influent end of the flocculating basin 
and also at the effluent end. The baffle was placed at the effluent end 
to diminish short-circuiting in the adjacent settling basin. The size 
of the mixing basin is 8’ x 16’ x 42’. 

Settling of a floc is primarily a function of the specific gravity 
of the floc, the characteristics of the floc, the viscosity of the water, 
and the hydraulic characteristics of the settling basin. Everything 
else being equal, the removal of particles in a settling basin is a func- 
tion of the surface area and independent of the depth. To improve the 
hydraulic characteristics of the settling basin by hindering short- 
circuiting, the tank should be long with respect to its width. 

The settling tank, as stated above, is a two-story affair, the top 
story being 16 ft wide by 58 ft long and the bottom story, 16 ft wide 
by 100 ft long. The water enters the settling tank from the mixing 
tank, flows through the top story, drops down and passes through the 
bottom tanks. The average path of water travels, therefore, 158 ft. 
Full-width mechanical scrapers are provided in the upper story. The 
bottom of the lower story is sloped and the mechanical scrapers are 
placed in the center section only. The average depth of each story 
is 8'0". Although a depth of 5 ft would have sufficed, to allow for 
the installation of the commercial mechanical scrapers, the added 
depth was for the storage of sludge, if desired. The overflow rate 
varies from 700 to 1,000 gal per sq ft per day for average to maximum 
rates of flows. The detention time at average rate of flow is approxi- 
mately hours. 

The chemical room is in the central section, above the operating 
floor. The supply of chemical is conveyed there by means of an in- 
side elevator. Four chemical feeders are provided for the application 
of lime and alum. This provides a standby feeder for each coagulant 
and, if desired, permits flexibility of operation. The coagulants can 
be fed into the main incoming line or into each mixing-basin influent 
line, so that different doses of coagulant can be used for each basin, 
if large-scale trial tests are desired. 

The ground floor of the central section contains the office, a 
chemical and bacteriological laboratory, and the locker room. 
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It has been brought out that the new additions will serve only 
the immediate future and an extension will have to be made at some 
future time. It is hoped that by that time the operational records 
on this design will be such as to guide the design of the future ex- 
tension. 

SUMMARY 


In the design and construction of water facilities in Alaska, 
climatic and geological conditions are of unusual importance. 

In a permafrost area, such as the Fairbanks area, the safest kind 
of water supply is a ground-water supply, obtained below or between 
permafrost layers. Water is distributed by pipe lines carried in 
utilidors, or boxes which carry all utility piping, including sewer and 
steam pipes. Treatment of the water should be no more than enough 
to satisfy the requirements for a potable water, for the treatment 
facilities must be completely housed. 

In areas where permafrost does not exist and where the climatic 
conditions are more moderate, such as the Anchorage area, surface 
supplies may be used advantageously. 

Descriptions have been given of two water supplies, one a 
ground-water supply in a permafrost area and the other a surface 
supply in an area having a moderate climate. 
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EXPERIMENTAL BREAK-POINT CHLORINATION AND 
ANTI-CORROSION TREATMENT AT MAYNARD, 
MASSACHUSETTS 


BY WERNER N. GRUNE* 


[Read at Chemists’ Round Table, March 16, 1950.) 


Durtinc the late winter and early spring of 1948 certain pilot- 
plant studies were made at the White Pond Water Works, supplying 
the town of Maynard, Mass. This paper will relate the results of 
these studies. It consists of extracts from a thesis submitted at the 
Harvard Graduate School of Engineering. The thesis, entitled 
“Break-Point Chlorination and Anti-Corrosion Treatment”, was sub- 
mitted as a partial requirement of the course on the Theory of Water 
and Sewage Treatment. 

The principles of corrosion and chlorination practices are old 
and time-proven and need no elaboration. Therefore only a minimum 
of previously published information is here included for the sake of 
ready reference, coherence, and understanding of the material pre- 
sented. The application of the techniques and principles to be dis- 
cussed in their peculiar adaptation and combination to perform a 
special duty is the main object of this paper. The subject deals with 
the practical application of fundamental knowledge, demonstrating 
the engineering approach pooled together for the solution of very 
similar conditions elsewhere which have annoyed water-works officials 
(and consumers! ), especially in New England, for many years. This 
combination of principles, when properly applied, can do a man’s 
job and eliminate the problems. 

The repetition of fruitless details and the review of well estab- 
lished facts are touched upon, because it is felt that a brief intro- 
duction of the factors causing and contributing to electrochemical 
corrosion is in order, for the sake of continuity and comprehensive- 
ness. 


*Formerly Graduate Student, Harvard University; now Project Director and Research Associate of 
Waste Disposal Project. Research Division, College of Engineering, New York University, University 
Heights, New York 53, N. Y. 
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The Economic Significance of Corrosion 


An accurate estimate of the loss resulting from corrosion of iron 
and steel is, of course, out of the question. Various estimates made 
several years ago place the economic loss due to corrosion of ferrous 
metal pipe alone at somewhere between 50 and 250 million dollars 
annually. This figure is not purely derived from repairs and replace- 
ments, but also includes: loss of water through leaks; the necessity 
for larger pipes, when it is known that the carrying capacity will be 
greatly reduced by the formation of iron rust, especially tubercula- 
tion; repairs by the water department; repairs by the consumer; fire 
losses due to inadequate water pressure, caused by a partial stoppage 
of the mains; staining of bathroom fixtures and household appliances; 
staining of textiles, laundry and paper pulp, off-color dye shades, 
leather, and many more. 

Frank N. Speller (1) states that “because of inadequate protec- 
tion, the annual replacement from corrosion, on the average, may 
reach as much as 2 per cent of the total tonnage in use. Probably 
no other source of waste, except that affecting human life, is of 
greater concern to all.” 

Control of corrosion has not always been recognized as of sani- 
tary significance. In the attempt to furnish cities and towns with 
clear, pure and palatable waters, in many instances corrosion troubles 
have been increased, such as those produced from alum coagulation 
and adjuncts of water-softening processes, besides troubles from 
those waters that are corrosive by nature. In order to know best how 
to treat water against corrosion, a brief outline of the theory is pre- 
sented. 

THE THEORY OF CORROSION 


The corrosiveness of water has popularly been held to be due to 
the carbon-dioxide content of the water. This is true only in so far 
as the CO, influences the pH value and prevents the deposition of a 
mineral film on the surface of the metal or pipe. Fundamentally cor- 
rosion is due to the exposed metal in the water exhibiting a distinct 
tendency to go into solution. The rate of solution may be expressed 
as inversely proportional to the alkalinity and pH of the water; i.e. 
corrosion is less with higher alkalinities and pH values. The metal 
dissolves in the form of positive metallic ions, the charge being taken 
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deposition of a polarizing film of gaseous or molecular hydrogen on 
the metal surfaces, which in turn prevents further electrochemical 
action, unless the hydrogen is removed by the scouring action of the 
flowing water or oxidized by the oxygen dissolved (at pH above 5), 
or the hydrogen is evolved as gas in very acid solutions (pH below 
5). These steps are summarized in Table 1. 


TABLE 1.—THEORY OF CORROSION 


(1) 


(2) 


(3) 


(4) 


(4a) 
(4b) 
(5) 


(6) 


(7) 


(8) 


Metallic ions going into solution = Anodic Area 
Fe + 2e = Fe*+ 
Hydrogen giving up electrons and polarizing, i.e. “plating out” at the 
Cathodic Area 
2 H+ = 2e + 2H (or 
Dissolved oxygen from natural waters reacts with the hydrogen to form 
water molecules, i.e. “depolarization” of 2H, and thus corrosion is con- 
tinuously furthered and enhanced: 
2H, + O. = 2H,0 
Ferrous iron is oxidized to the ferric state by dissolved oxygen and even- 
tually is precipitated as rust: 

2 Fet+ + 4% 0, + H.O + 4OH- = 2 Fe(OH), (Kgp. = 1.1X 10°) 

2 Fe(OH), + nH.O = Fe.0, (w+2)H.O (red iron rust!) 
Reaction of ferrous iron with water to form an intermediate product, 
ferrous hydroxide: 

Fe*+ + 2H,O = Fe(OH), + 2H (hydrogen film) 
As quickly as the Fe(OH). is formed it reacts with COs, if present, to 
form soluble ferrous bicarbonate: 
Fe(OH), + 2H,O + 2CO, = Fe*+ + 2(HCO,_) + 2H.O 
The product form is soluble, thus not remaining attached to the pipe in- 
terior. The soluble Fe(HCO,;), is oxidized by the dissolved oxygen in 
the water, to form ferric hydroxide and to liberate CO.: 

4 Fe*+ + 4(HCO,”) + 10H,O + O, = 4 Fe(OH), + 8H. + 8CO, 
This reaction occurring throughout the water and not on the pipe surface 
only, ferric hydroxide is precipitated as suspended particles in the water 
(red water) without the formation of any protective film. 

Equations (5), (6) and (7) refer to waters of low pH containing CO.. 
Conversely, reactions that occur in alkaline waters of high pH and in the 
absence of COs, but in the presence of dissolved oxygen, are: 

The ferrous ion at moment of liberation from the surface reacts with the 
OH” ion present in alkaline waters, forming an insoluble film: 

Fe++t + 20H” = Fe(OH). (Kgp = 
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(8a) This can also be represented as ferrous oxide and water: 
Fe(OH). = FeO + H,O 
(9) If dissolved oxygen is present in the water, it will oxidize this film of 
Fe(OH). to form the more insoluble film of ferric hydroxide: 
2 (FeO + H,O) + = Fe.0, + = 2 Fe(OH); 


Thus with suitable alkalinity and pH of water, insoluble films 
are formed on the pipe surface, whether dissolved oxygen is present 
or not. The conditions favorable for these reactions are closely re- 
lated to the conditions governing the precipitation of CaCO,. In fact, 
the ferrous and ferric hydroxides form films which are somewhat 
porous and do not protect the pipe surface, unless CaCO, is co- 
precipitated, forming part of the film. The latter part of this paper 
deals further with the CaCO, film, the application of the Langelier 
expression and results obtained at Maynard. 

In addition to the reactions just discussed it should be em- 
phasized here that no single factor alone controls corrosion. It is a 
combination of many factors and environment which determines 
whether or not corrosion is a problem. To indicate some of the com- 


plexity of this behavior, ten different factors influencing corrosion may 
be mentioned: 


Oxidation potential 
Overvoltage of hydrogen on metals 
Homogeneity of surface 
Inherent ability of metal to form protective films 
Hydrogen-ion concentration 
Oxygen concentration 
Bacterial corrosion 
Formation of films by liquid 
The effect of temperature 
10. Corrosion fatigue or stress cycles. 


The Role of Carbon Dioxide 


The effect CO, has on corrosion was overemphasized in the past, 
often to the near exclusion of many other vital factors. CO, is present 
in one form or another in nearly all natural waters, both surface and 
ground waters. The amount of carbon dioxide in that portion of the 
total H,CO, which ionizes into Ht and HCO,~ ions is called “ag- 
gressive” CO,, because it produces hydrogen ions in a given quantity 


sod 
| 
i 
| 
3 
3 
| 
‘ 
4 


WERNER N. GRUNE 21 


of water, increasing the hydrogen-ion concentration. The term “ag- 
gressive” was used to indicate that whenever the hydrogen-ion con- 
centration was increased, the rate of corrosion was also increased. 
As is known today, the increase in hydrogen-ion concentration has 
no effect upon the rate of corrosion of iron, until the pH of the water 
is below 5.5 (2). 

It is evident that free CO, in water produces two important re- 
sults: 


(1) It prevents deposition of CaCO, as a coating on the pipes 
(by slowly forming carbonic acid). 

(2) It may produce hydrogen ions, thus increasing the 
hydrogen-ion concentration (by ionization of free car- 
bonic acid). 


Since free CO, dissolved in water increases the number of hydro- 
gen ions present, it accelerates the solution of iron by forming more 
H* ions to give up their charges to the iron and permit more Fe ions 
to unite with any slightly dissolved OH~ ions in the water, forming 
the initial Fe(OH),. This possibility of CO, accelerating corrosion 
of iron by increasing the hydrogen-ion concentration is described be- 
cause it was very generally held by water-works people as readily 
explaining the corrosiveness of waters. 

The rate of corrosion is ordinarily governed by the rate at which 
reaction (3) proceeds. Wilson (3) has shown that dissolved oxygen 
is the governing factor at pH 5 to pH 11, which covers practically 
the entire range ordinarily found in natural or treated surface waters. 
Below pH 5.0 the hydrogen ion concentration has a marked effect. 

The role of carbon dioxide in corrosion of pipes may be summed 
up as follows (2): 


1. When the total CO, in water is just sufficient to react with the 
carbonates present to form bicarbonates, maintaining equilibri- 
um, the hydrogen-ion concentration is not affected. The car- 
bonates are prevented from forming a thin film on the pipe. The 
pipe wall is, therefore, unprotected from the corrosive action 
expressed by equations (2) and (3). 

2. When the total CO, is greater than that required to keep the 

carbonates in solution, the same conditions hold and, in addition, 
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free CO, is available to form carbonic acid. When the pH is 
above 8.3, this carbonic acid will not ionize and therefore is not 
“aggressive” in most natural waters. When the pH is less than 
8.3, the carbonic acid ionizes to Ht and HCO,~ ions, increasing 
the hydrogen-ion concentration of the water. When the pH 
gets as low as 5.5, or thereabouts, the increased hydrogen-ion 
concentration due to CO, accelerates the rate of corrosion and 
nearly all the free CO, is “aggressive”. Under this condition, 
the acidity of the water is increased and the effectiveness of any 
protective coating of rust is greatly reduced. 

3. When water is heated, the bicarbonates are destroyed, increasing 
the CO.,, which may, and usually does, become “aggressive”’. 
This explains in part the corrosiveness in hot-water pipes. 

4. The free CO, may dissolve iron directly to form ferrous carbon- 

ate, which is later oxidized to form the ferrous and ferric hy- 

droxide or rust. See equations (6) and (7). 


The reduction of free CO, in water, therefore, tends to prevent 
corrosion chiefly by allowing a protective film of CaCO, to form, if 
such treatment is initiated, and by rendering the initial rust film more 
adhesive and thus of greater protectiveness. In water of pH greater 
than 7.5, the CaCO,-rust protective coating is usually efficient in 
preventing further rapid corrosion. With some waters the pH must 
be carried to 8 or even 9 and above before corrosion troubles cease, 
at least for an interim period, after which some reduction in the 
chemicals fed and the pH value can be practiced. 

There are two further types of corrosion which often plague 
water-works officials: galvanic corrosion, where two or more dis- 
similar metals are involved and potentials set up, and, secondly, 
stray-current corrosion. Both of these are not the subject of this dis- 
cussion and therefore are not treated any further. 


MITIGATION OR CORRECTION OF CORROSION 


Six broad classifications of methods which have been applied 
with more or less success in the past can be considered. These are 
briefly : 

1. The use of non-metallic pipes. 
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The use of metallic pipes with non-metallic linings and 
coatings. 

The selection of metals resistant of corrosion. 

The use of protective metal coatings on ferrous pipe. 
Natural protective coatings. 

Chemical treatment or conditioning. 


Only chemical treatment is to be examined a little more closely. 
Red-water troubles in a distribution system can be prevented by ad- 
justing the chemical balance of the water. Water may be treated so 
that an impervious film will be deposited over all iron surfaces with 
which it comes in contact. In this manner iron surfaces may be pro- 
tected against the dissolving action of water. This method is of 
greatest importance, since many of our pipes have no man-made pro- 
tection, such as coatings, and it seems to be the cheapest, wherever 
economically and practically feasible, to get at the root of the evil, 
i.e., by chemical treatment of the water, removing all corrosive ten- 
dencies. (This will be accomplished when the concentration of cal- 
cium ions times the concentration of carbonate ions exceeds the 
solubility product of CaCO,; i.e., (Ca**) (CO,=) 2Ksp.) This may 
prove the most efficient, cheapest and most reliable method in the 
long run. 

Water that is supersaturated with CaCO, will quickly deposit 
a coating or film (also called an “egg-shell layer”), because in the 
process of corrosion the CO, is taken from the water. The solubility 
of CaCO, in natural waters is directly related to the CO, content; 
therefore, if some of the CO, is absorbed, the nearly saturated water 
becomes saturated, or perhaps supersaturated. When this point is 
reached, deposition of CaCO, begins (CaCO, is only soluble to the 
extent of 13 ppm in natural waters without the presence of CO.) and 
the corroding iron becomes coated with a protective film of CaCO,. 
The treatment to CaCO, saturation is often described as removal of 
CO., but this is not the most important feature. The action is by the 
deposition of an incipient film of CaCO, or other normal carbonates, 
secondarily by suppression of H* ions. Water that is under-saturated 
with CaCO, will dissolve CaCO, film already formed. Whether or 
not water is in chemical balance to CaCO, can be easily and quickly 
determined—.e., to determine whether or not the water is saturated, 
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supersaturated or undersaturated after the CaCO, and pH adjust- 
ments have been made. This was done formerly by the marble test, 
also variously known as the “calcium carbonate chemical balance” or 
“stability test,’ but has in recent years been placed on a direct 
analytical basis by the Langelier pHs formulation, involving much 
less laboratory work. If the analysis shows that the water is under- 
saturated, then it is necessary, if red-water troubles are to be pre- 
vented, to build up the CaCO, content. This can be accomplished by 
adding lime to the water; or, if the hardness should not be increased 
and sufficient Ca++ ions are present, a combination of soda ash and 
lime might be tried, or, if the water contains some calcium sulfate, 
soda ash can be added and the results will be satisfactory. Soda ash 
reacts with CaSO, to form CaCO,. It may also be convenient to build 
up the calcium-carbonate content by adding some hard water. 

(1) Alkali Treatment.—If an alkali such as lime, soda ash or 
sodium hydroxide is added to water containing free CO., the free 
CO, is absorbed and a bicarbonate is formed: 


(1) Ca(OH). + 2 HCO, = Ca (HCO,). + 2 
(2) + = 2 Na (HCOs) 
(3) NaOH + H.CO, = NaHCO; + H.O 


This treatment will prevent corrosion by free carbon dioxide, 
but this is not the most important feature. It will not prevent cor- 
rosion of pipe lines from the other causes heretofore mentioned. To 
do this it is necessary to add lime in excess of the amount necessary 
to absorb the free CO,. This treatment forms normal carbonates, 
which are insoluble and are deposited on the pipe to form a protective 
coating ,[Mg(OH), for magnesium]: 


(4) Ca(OH)» + = CaCO, + 2H.0, 
i.e., theoretically twice as much hydrated lime is needed to precipitate 
CaCO, [compare reactions (1) and (4) ]. 

In order to summarize and to indicate what the mechanism in- 
volved is, consider natural water that contains calcium ions (Catt), 
bicarbonate ions (HCO,~) and free CO,. The bicarbonate is con- 
verted to the normal carbonate by the addition of lime, Na,CO, or 
NaOH, and the proper conditions for the CaCO, solubility product 
to be exceeded are established. 
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Consider a typical New England water, i.e. low in calcium, low 
in bicarbonates and containing CO,. Adding Ca(OH)., we increase 
the concentration of the calcium ions, the bicarbonates and the OH~ 
ions combining to give us normal carbonate ions (CO,~) and water, 
and therefore a double effect is brought about. This means that lime 
is excellent for the local water supplies, in so far as reaching the 
CaCO, saturation point is concerned. 

If both lime and soda ash are added in the proper proportion, the 
reactions may proceed as follows: 


Ca(OH). + 2H.CO, = Ca (HCO). + 2 H.0, 


equation (1) for the production of the calcium bicarbonate. The 
bicarbonate may then react with the soda ash as shown: 


(5) Ca(HCO3)> + NasCO, = CaCO, + 2 NaHCO, 


With the protective coating once formed, it is only necessary to 
maintain the water at the point of calcium-carbonate saturation to 
prevent corrosion. Baylis (4) shows that the approximate solubility 
equilibrium of CaCO, varies from about 15 ppm to more than 350 
ppm, corresponding to a pH of 9.3 and 6.8, respectively. 

. According to the 1940 A.W.W.A. Manual (5), “lime should be 
added to water with less than 25 ppm of CaCO, to produce the de- 
sired alkalinity. To other waters either lime or soda ash may be 
added. Lime dosages vary, but in general 8 to 10 pounds of lime per 
m.g. of water treated are required for each ppm of free CO, present 
in the water.” 

According to Charles R. Cox of the N. Y. State Department of 
Health (6): “Practically speaking, waters having a carbon dioxide 
content below about 5 ppm and an initial alkalinity less than about 
10 ppm and which must be so treated as to provide a final alkalinity 
above about 35 ppm should be treated with both lime and soda ash. 
The relative lime and soda ash doses vary with different waters and 
must be computed, but an approximate guide would be to use a mix- 
ture of 80% lime and 20% soda ash until the correct ratio can be 
determined by experience. This mixture of the dry materials should 
be fed with a dry feeder in trial doses to the supply being treated un- 
til the resulting alkalinity equals that indicated to be necessary by 
the marble test or as calculated by the Langelier formulation.” 
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(II) Use of Soda Ash.—Soda ash may be used to remove CO, 
and increase the pH value and the alkalinity of the water. Soda ash 
alone, however, cannot be used in the treatment of waters having 
CaCO, alkalinity less than about 35 ppm, because such soft waters 
do not contain sufficient calcium generally to form the required 
CaCO, film. In other words, waters having hardness less than about 
35 ppm must be treated with lime (or at least some proportion of 
lime to soda ash) for corrosion prevention, rather than soda ash alone. 
On the other hand, waters with a hardness in excess of 35 ppm and 
yet having sufficient CO. to be corrosive may be treated with soda 
ash in a satisfactory manner. Furthermore, 1 g.p.g. of 98% pure 
soda ash removes only 7.06 ppm of CO.,, rather than 9.65 ppm, as 
are removed with lime. One ppm soda ash increases the alkalinity 
only 0.92 ppm. One ppm of lime increases the alkalinity 1.35 ppm 
approximately (depending on the purity). 

Soda-ash treatment costs about four times that of lime and yet 
it is not as effective with soft waters. Soda ash, however, is very 
soluble and may be readily applied through the use of either solution- 
feed or dry-feed equipment, in contrast to lime feed. Therefore, soda 
ash is especially suited to the treatment of small supplies having a 
hardness in excess of about 35 ppm, where ease of application of the 
chemical more than compensates for its higher cost. The constant 
stirring and supervision, to keep a solution of lime and water in sus- 
pension, and the sludge problem are to be considered; therefore, a 
dry feed is much to be recommended, when either lime or a combina- 
tion of lime and soda ash is used. Another advantage (which may 
sometimes be a disadvantage, as has been already mentioned), is that 
with the soda ash no additional hardness is created. This may be very 
important, as will be seen in the case of the Maynard water supply, 
where the hardness may be increased approximately 150%, due to the 
use of straight lime. This is a drawback in the use of lime, when 
water is so extremely soft and the people in the community, as well 
as industry, are naturally accustomed to it. 

(IIIT) Use of Caustic Soda—Chemically, sodium hydroxide 
would be better than soda ash, but practically it would prove a 
troublesome substance to administer. It may be used for the correc- 
tion of pH without any increase in the hardness. The use is un- 
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economical for public water supplies, principally because of the rela- 
tively high cost, compared with that of lime. 

(IV) Aeration as a Method of Mitigating Corrosion. — The 
quantity of CO, held in solution by water depends upon the amount 
present in the air and the opportunity that the water has of coming 
into contact with the air—i.e., it varies according to Henry’s Law. 

The amounts commonly present in waters are in excess of satura- 
tion—about 1 ppm under ordinary conditions—so that, if the water 
be exposed to the air (in thin films), a natural reduction of the dis- 
solved CO, will occur. However, the concentration of CO, must be 
sufficiently above saturation to provide enough driving force for CO, 
removal. Baylis (4) mentioned 10 ppm as the lower economical limit. 
Its neutralization with lime would be expensive and would increase 
the hardness of the water by a considerable amount. 

Aeration is a time-honored method of CO. removal, but aeration 
adds dissolved oxygen, which plays an all-important part in cor- 
rosion. Hence, it cannot be considered by itself as a complete remedy 
for corrosion. 

At West Palm Beach (7), with a water of low alkalinity and 
high color, the alum dosage required liberates about 24 ppm of CO.. 
Aeration, after coagulation, reduced the CO, content to 8 ppm; a 
second aeration after filtration reduced the CO, content to 5 ppm. 
The CO, content of the delivered water varied from 2 to 6 ppm and 
the pH from 6.2 to 6.8. Even these small amounts caused severe cor- 
rosion. Lime, added to the filtered water to increase the pH to 9.0, 
removed all CO., made for CaCO, deposition and stopped the trouble. 

Grimley (8) described the correction of red-water troubles with 
an acid water at Irondale, Ala. The raw water had a pH of less than 
5.2, total alkalinity of 8 ppm, and a CO, content of 46 ppm. Aeration 
of the water increased the pH from 5.2 to 6.5. This gain in pH repre- 
sents a theoretical reduction in CO, from 40 ppm to 5 ppm. 

It would be possible to combine aeration by fountains or sprays 
with the use of lime or soda ash, aeration being utilized to remove the 
greater part of the CO, and the small amount left being neutralized 
by chemical means. The initial amount dissolved in the water, of 
course, is a governing factor. The alternative proposition would be to 
prolong the exposure of the water to the air and thus reduce the CO, 
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to the saturation value. This would not remove all the CO,, but the 
dissolved-oxygen content could easily become so high that it might 
very well more than offset what was gained by the loss in CO,. Powell 
& Bacon (9) in their paper speak about creation of a 28.5-in. (Hg) 
vacuum in a de-aeration chamber, to reduce the dissolved-oxygen 
content. However, this is economically not yet feasible for most 
water-work installations. 


CONTROL AND DESTRUCTION OF ORGANIC LIFE AND IRON BACTERIA 
AS AN AID IN CoRROSION CONTROL 


-So far, only the mechanism of corrosion and the prevention 
thereof have been mentioned. The conclusions reached are that prac- 
tical attempts to control corrosion by the treatment of water are 
principally confined to (1) the control of the carbonate balance and 
(2) to the removal of dissolved gases (including H.S). 

It is astounding how devoid the literature is of definite findings 
of organic and bacterial action, including the effect iron bacteria have 
on corrosion. Bacterial action does contribute to the corrosion of 
iron, as has been demonstrated by the fact that the diminution of 
biological activity will diminish corrosion. 

The addition of chlorine to water will diminish its bacterial 
content and in this way aid greatly in the control of iron bacteria 
and corrosion. However, the presence of organic matter may not 
only exhaust the ordinary chlorine dosages, but also furnish food for 
after-growths of the bacteria, some of which may consume dissolved 
iron, increase the rate of corrosion of the metal, and encourage tuber- 
culation and “red-water” conditions. The addition of ammonia with 
the chlorine was at one time thought to be the answer. It was then 
theorized that the addition of ammonia with the chlorine would retard 
the exhaustion of the chlorine, so that it might be carried into remote 
parts of the distribution system, where its bactericidal effects would 
endure longer. Methods and principles in the addition of ammonia 
for corrosion control were practiced in the same manner as in its 
addition for taste and odor control. In a few instances it was found 
that the use of ammonia did actually aggravate the difficulties from 
corrosion in certain parts of the distribution system, probably due 
to two causes: (1) due to the fact that, when the chlorine is finally 
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exhausted, the remaining ammonia furnishes food for the undesirable 
aftergrowths; and (2) the low disinfecting power that chloramines 
actually have was not generally recognized then. Today the advan- 
tages that can be gained from super-chlorination and break-point 
chlorination have been recognized and are accepted. It is this method 
of chlorine application that is promising in finally getting the job done. 

Before going into detail on the use of chlorine application, a 
brief consideration of the organisms involved in the corrosion of iron 
pipes, such as iron bacteria, is in order. 


The “Sheath-Forming” and “Stalked” Bacteria 


The so-called “sheath-forming bacteria” are, in many respects, 
among the most interesting organisms. They are grouped together 
in the order of Chlamydobacteriales (10) because of the presence 
of a definite soft and slimy sheath, in which the bacteria enclose 
themselves. 

The Chlamydobacteriales (chlamydo = sheath-forming) are 
unique among the class of Schizomycetes in the possession, by most 
of the species, of an extraordinary capacity for abstracting iron from 
feruginous waters and depositing it in their outer sheath, where it 
quickly oxidizes to ferric hydroxide. It may be that not all of the 
Chlamydobacteriales are true iron bacteria, for Sphaerotilis is said 
not to deposit iron in its sheath and is mainly a sewer organism. 
Although the iron bacteria are the most outstanding among the 
organisms which accumulate certain elements or compounds on their 
exterior, they are by no means the only ones that do this. The dia- 
toms, which surround themselves with silica so that cell growth is 
eventually hampered, are suggestive of iron bacteria which encumber 
themselves with iron or manganese. Certain of the algae, protozoans 
and molds have also been shown to collect iron. The utilization of 
iron, or any other element, in the synthesis of protoplasm must, of 
course, be carefully distinguished from its mere deposition on the 
exterior membranes. Among the most interesting considerations re- 
lated to these bacteria are their remarkable physiological properties, 
their role as geological agents and their part in interfering with man’s 
attempts to provide himself with pure water. None are pathogenic, 
but several, as Sphaerotilis and Crenothrix, cause difficulties in water 
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supplies. Bergey’s Manual lists four genera in this family—namely, 
Leptothrix, Crenothrix, Sphaerotilis (or Cladothrix) and Clonothrix. 

Leptothrix ochracea, the best known of this genus, is world-wide 
in distribution. It is found in rivers, lakes, ponds and swamp waters 
which contain iron in chemical combination with organic matter— 
i.e., decaying plants, for example. The reddish-colored slimes found 
in the beds of iron-bearing waters nearly always owe their origin to 
the deposition of Fe(OH), or some hydrated ferric oxide in the outer 
membranes of the long filaments, formed by iron bacteria growing 
on the stream bottom. Living iron bacteria, however, are seldom 
found in such iron deposits, since the incrustation of the membrane 
with the iron occurs only in maturing filaments and eventually, since 
it oxidizes to Fe(OH), and becomes hard and inelastic, interferes 
with their further reproduction. Leptothrix multiplies only in the 
presence of sunlight. From this fact one might infer the presence of 
some photosynthetic pigment, although none has been demonstrated. 


Genus Crenothrix 


The three genera to be described have an entirely different 
structure and mode of reproduction from Leptothrix. A description 
of one species, Crenothrix polyspora, will serve to illustrate features 
common to the other two genera, Sphaerotilis and Clonothrix. 


The Crenothrix (Figure 1) starts life as a single, nearly spherical 
cell, which divides by fission and forms a chain, much as do the 
Streptococci, but differing in that the cells elongate as they divide. 
The topmost cells are continuously being pushed out of the mouth 
of the sheath by the growing cells below. Under certain conditions of 
nutrition, such as an abundance of iron-bearing organic matter, small 
numbers of competing organisms, and plenty of oxygen and warmth, 
Crenothrix goes into a perfect orgy of reproduction. Under such 
conditions of growth Crenothrix may, in less than a week, change a 
large body of drinking water, initially sparkling and clear, to a lake 
of red-brown fluid. The saprophytic bacteria, which cause decomposi- 
tion of the dead Crenothrix, increase in numbers so that the reports 
of bacteriological laboratories to the engineer, on the number of bac- 
teria present in the water, become very discouraging. 
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Fic. 1—CRrENOTHRIX. SKETCH OF PLANT IN VARIOUS STAGES OF DEVELOPMENT [AFTER 
C. R. Cox (6)]. 


Relationship of Chlamydobacteriales to 
Other Classes of Organisms 


The order as a whole seems to be more bacterial than mold-like 
or alga-like. It is entirely aquatic. The organisms have certain mold- 
like characteristics in their reproduction and structure, but on the 
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whole they behave as bacillus-like cells and frequently are motile by 
means of flagella. The iron bacteria are a borderline case with 
respect to autotrophic or saprophytic bacteria. 


Physiology of Chlamydobacteriales 


Cultures are usually studied in the natural water in which the 
organisms occur and are necessarily impure. The usual procedure in 
such cultivations is to add to the water small quantities of organic 
matter, such as nutrient broth or hay infusion, along with iron salts. 
The colonies are rusty-brown and round, resembling those of ordinary 
bacteria in size and texture. 

One of the reasons why progress in the study of the physiology 
of the iron bacteria has been slow is that it is very difficult to culti- 
vate these organisms in laboratory media. With a few exceptions, 
they cannot be grown on ordinary media and there are no known 
simple procedures for cultivating them. As a result, in most cases, 
studies have been limited to microscopic observations. 


Relation of Iron and Manganese to Iron Bacteria 


Studies have brought out the fact that the iron bacteria have a 
peculiar affinity for iron-bearing organic matter; they may utilize 
only the organic and not the iron-bearing part of the molecules of 
such matter. Further, the iron released from the organic combination 
is deposited on the bacterial sheath, where it is eventually oxidized 
to ferric hydroxide and finally forms so thick a crust as to end the 
reproductive functions of the organism. There is some difference of 
opinion as to whether or not the bacteria derive energy from the 
oxidation of the iron. Some believe that iron is oxidized spontane- 
ously and that the bacteria derive no benefit from it. There is good 
evidence that some of the iron bacteria obtain the energy for chemo- 
synthesis from the oxidation of ferrous compounds to ferric forms. 
This is true only of the autotrophic species. The reaction involved 
may be represented by either one of the following: 

(1) 4 FeCO; + + = 4Fe (OH)s + 4CO,. + Energy 
(2) 4 FeCO, + 2H,O + O. = 4Fe (OH), + 8CO. + Energy 


The Caulobacteriales or “Stalked Bacteria’ 


These bacteria are almost entirely aquatic or marine in habitat, 
although some have been found in the soil. The living cells them- 
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selves are, in general, much like true bacteria in size and shape, lack 
visible internal structure, and have the general properties of the class 
of Schizomycetes with respect to mode of multiplication, nutrition 
and relation to sunlight. 


The peculiarity which sets them apart is the fact that they form 
a secretion of gum or other matter asymmetrically, so that a stalk 
is formed as the result of, and consisting of, this secretion. Usually, 
the stalk is attached to some solid object in the water. 


Gallionella Ferruginea 


This species, which was formerly included with the Chlamydo- 
bacteriales, because it formed a stalk of Fe (OH),, is now classed 
with the Caulobacteriales, because it has been found that the organism 
is neither filamentous nor sheath-forming, but does spin a stalk. Iron 
is deposited in this stalk. This organism is found in nature as widely 
distributed as Leptothrix, which it much resembles. Owing to its 
ability to grow well in the absence of sunlight, it can multiply in water 
pipes, whereas Leptothrix, requiring sunlight, is held in check to a 
great extent in such situations. In water conduits made of iron, 
Gallionella causes extensive deposits and incrustations of iron, which 
may eventually occlude the pipes. 


The reactions by which the iron bacteria are presumed to live as 
autotrophs have been discussed. These reactions are exothermal and 
are believed to release enough energy to satisfy all of the require- 
ments of the bacteria. The strictly autotrophic iron bacteria, such as 
Gallionella ferruginea, are believed to depend on this reaction, whereas 
the facultative iron bacteria, including Crenothrix polyspora and 
some species of Leptothrix, are not limited to growth at the expense 
of ferrous iron but can also grow on organic compounds. Thus, those 
bacteria which are able to grow on either ferrous iron or organic 
foodstuffs may produce large amounts of precipitated ferric hydrate, 
when they live on the ferrous iron, and produce accumulations of 
filamentous fouling material, under conditions where they develop 
on the organic constituents of the water 


The iron bacteria are some of the most important fouling organ- 


isms, since they produce not only troublesome accumulations of cell- 
material, but also still greater quantities of ferric hydrate. It has 
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been calculated that, as a result of growth of the bacteria on the 
ferrous iron in solution, there will be about 500 times as much pre- 
cipitate of ferric hydrate as cells of the iron bacteria. This is of 
particular importance in establishing the cause of water troubles. 
It is apparent that, in cases where the iron bacteria have been the 
sole cause of the trouble, there will be an abundance of ferric hydrate 
and that the cells of the bacteria will be comparatively inconspicuous. 
In addition to the iron bacteria there are various other bacteria, 
including sulfur bacteria and sulfate-reducing bacteria, which are 
responsible for various transformations of iron. Some bring iron into 
solution, others cause its precipitation and, in certain instances, the 
bacteria are responsible for corrosion in one way or another. These 
reactions may be due to changes in pH, to oxidation or reduction, to 
production of sulfide, to differences in CO, concentration, or to the 
formation and decomposition of organic compounds of iron, all of 
which can be brought about by micro-organisms. These reactions 
affect inorganic compounds of iron in solution or in the solid state, 
organic compounds, and even metallic iron. 

It is important to establish the characteristics of the different 
bacteria, in order to understand their relationships to the various 
changes which iron undergoes. 

The ways in which these non-specific bacteria may cause changes 
in the iron content of water by altering the environmental conditions 
are: 

a. Cause changes in reaction. Increase in acidity tends to bring 
iron into solution, while decrease in acidity tends to cause 
precipitation. 

Cause changes in degree of oxidation and reduction. Oxidation 
tends to favor precipitation, whereas reduction favors solution. 
Produce and decompose organic compounds of iron. Organic 
iron compounds which are slightly ionized tend to remain in 
solution, but decomposition of slightly ionized organic com- 
pounds of iron leads to iron precipitation. 

Cause changes in the CO, content of water. Increase in CO, 
tends to favor solution, large amounts of CO, may cause precipi- 
tation, and decrease in CO, favors precipitation. 
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The Sulfur Bacteria 


Some of the bacteria increase the acidity and thus tend to dis- 
solve iron; under specific conditions insoluble iron sulfate may be 
produced. 


The Sulfate-Reducing Bacteria 


Iron becomes precipitated by a direct reaction with sulfide, which 
is produced by sulfate reduction. These bacteria also affect the 
anaerobic corrosion of iron. 

The development of iron bacteria may manifest itself in several 
ways. There may be hard deposits, which tend to fill up the pipes 
and reduce their water-carrying capacity, as with tuberculation. Slime 
and accumulations of filamentous bacteria may form on the walls of 
pipes. These bacteria may cause high turbidity and discoloration of 
water and be responsible for some of the most unpleasant tastes and 
odors, which are produced directly or indirectly as the dead bacterial 
cells are decomposed by other microorganisms. Cases of very profuse 
development of the filamentous iron bacteria have been referred to 
as “water calamities”, which are more intense phenomena than the 
ordinary “red-water” plague. 

Surface waters may cause difficulties, due to the iron content of 
the raw water as well as the iron which is taken into solution from 
pipes and other equipment. Larson (11) reports a case where the 
water was iron-free upon leaving the plant but where there was as 
much as 8 ppm of iron at the end of the line a short distance away, 
giving rise to “red water.” 

Alexander (12) states that, even though water from deep wells 
may be free of bacteria and odors when first tapped, bacteria and 
their products may appear after the deposit has been drawn upon 
for some time. The result is formation of slime and development of 
iron and sulfur bacteria in the tanks and pipes, causing the water 
to have an objectionable odor and taste. 

The iron bacteria are typical water organisms, yet they are not 
normal inhabitants of water that does not contain an appreciable 
amount of iron in solution. They are further characterized by their 
usual capacity for accumulating ferric hydrate around their cells, 
which gives them a brown to rust-red color, easily recognized under 
the microscope. 
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The iron bacteria are fouling organisms and not agents of cor- 
rosion. It sometimes happens that the surface of the fouled metal 
shows evidences of corrosion, but in such cases it is probable that 
the corrosion was caused only indirectly by the iron bacteria. 

Although it is important to establish the mechanism of precipi- 
tation, this information is not always necessary in order to deal with 
the troublesome accumulation of iron deposits in water-distribution 
systems. Nevertheless, more definite information is needed regarding 
the metabolism of these bacteria, which may serve as a guide for the 
development of more effective control measures. The pertinent fact 
remains that these iron bacteria occur in accumulations of precipi- 
tated iron and are concerned in the formation of these accumulations. 

Several physiological factors that have been recognized in the 
past are touched upon briefly, as an aid in the understanding of how 
to go about creating unsuitable conditions for further development 
of these bacteria, or destroying them. 


Temperature 


Some of the iron bacteria show preference for low temperatures. 


Gallionella ferruginea grew under laboratory conditions from 0° C. 
to 22° C., as reported by Lieske, with an optimum temperature of 
6° C. This organism has been commonly encountered in springs, cool 
waters and in water pipes. A temperature of 40° or 50° C. seems to 
make their life untenable. Species of Leptothrix have also been 
found in waters at 1° and 2° C., but their optimum is reported to be 
somewhat higher than Gallionella, about 15° C. 


Light 


The iron bacteria are not sensitive to light and have been found 
in exposed locations, in the shade, as well as in pipes where light is 
commonly excluded. However, Leptothrix seems to favor the presence 


of some light, whereas Gallionella has been found to be completely 
independent of sunlight. 


Concentration of Iron 


The iron bacteria are definitely affected by the presence of dis- 
solved iron, but they tolerate considerable variations in iron concen- 
tration. Though they have been found in waters with 10 to 30 ppm 
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of iron, they also occur where the iron content is as low as 0.1 to 
0.3 ppm, especially in moving water, where the supply of iron is con- 
tinuously renewed. 


Reaction 


The mechanism of reaction of iron bacteria is net definitely 
established, but there are indications that for many of the organisms 
slightly acid reactions, such as those caused by solution of consider- 
able amounts of CO., are most favorable. With regard to tubercu- 
lation, Reddick and Linderman (13) state: “Our investigations to 
date lead us to believe that an alkaline iron-bearing water, having 
only a small content of organic matter, will not tuberculate, but that 
a slightly acid water containing iron and having a high organic matter 
content will readily tuberculate.” Wilson (14) controlled fouling due 
to Crenothrix by making the water alkaline (pH 8.5) with sodium 
carbonate. Control may have been effected by making the reaction 
unfavorable to the iron bacteria, or it may have been due to the 
elimination of iron, manganese or organic matter, upon which the 
bacteria depended for growth. 


Oxygen 


The iron bacteria are aerobic and, as such, require the presence 
of free oxygen. In stagnant waters they are found only at the sur- 
face, but they may find conditions favorable for growth below the 
surface, adjacent to green plants which liberate oxygen through 
photosynthesis. 


Organic Matter 


There is much conflicting evidence regarding the influence of 
organic materials on iron bacteria, but it has been definitely estab- 
lished that some of these organisms can grow on organic media and 
it appears probable that at least some of the organisms, which are 
now classified with iron bacteria, actually require organic matter for 
growth. It is significant to report, however, that no one has succeeded 
in obtaining growth of Gallionella in organic media. This response 
is similar to that of some other autotrophic bacteria and suggests 
that Gallionella may indeed be strictly autotrophic. 
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Sources of Nitrogen 


The amounts of nitrogen required by the iron bacteria are very 
small, compared to the requirements for iron, and it is probable that 
the nitrogen content of most waters meets their needs. 


CONTROL OF CORROSION-INDUCING BACTERIA BY CHLORINATION 


Little work has been reported on the subject of control of iron 
bacteria by super-chlorination and break-point chlorination, especially 
in connection with corrosion correction in pipe systems. Just how 
much corrosion control can be effected by the destruction of iron 
bacteria is still problematic, but the little that has appeared in the 
literature looks very encouraging. 

Carroll (15) has written about the destruction of iron bacteria 
in the water supply of the Federal Homestead Project at Arthurdale, 
W. Va. The supply encountered has a daily consumption of 14,000 
gal. The raw water is obtained from wells and it is unfortunate that 
he did not include an analysis of the water. However, laboratory 
analysis determined that the taste and odor conditions were due to 
the growth of Crenothrix. The reservoir had been covered with a 
¥4-inch deposit of “brownish masses of flocs” along the walls and 
the top of the water was completely covered. The reservoir was 
drained and scrubbed with a solution of chlorine and CuSO,. After 
treating the walls and cleaning the reservoir, ammonium sulfate was 
added in the treatment, to maintain a chloramine residual through 
the reservoir and, if possible, through the distribution system. With 
a chlorine residual as high as 2.0 ppm at the pump, it was never 
possible to reduce tastes and odors, but it was still noticeable in the 
hot water, and the tastes and odors recurred a couple of times during 
the summer. In October, 1939, super-chlorination was applied as a 
new method of treatment. 

Instead of “dechlorinating,”’ ammonia was added at the reservoir, 
to convert the residual chlorine to chloramines. A dose of 9 ppm was 
found to give 2 ppm (chloramine) in the system. However, the chlo- 
rine odor was so strong that the dosage had to be reduced to 4 ppm 
at the wells. “Now the residual is at 2 ppm after the pump and at 
the reservoir, after a 75-minute contact period, 1.0 ppm. It should 
be noted that not liquid chlorine, but HTH, is being used and no 


WERNER N. GRUNE 39 


form of ammonia is now being added. After the water flows through 
the reservoir, which has a theoretical detention capacity of more than 
72 hours, the chlorine residual in the distributed water is 0.03 ppm.” 

“The treatment resulted in satisfactory conditions during the 
summer of 1940. The growths did not develop on the reservoir walls 
during that summer and the distribution system problems ‘appear’ to 
have been controlled,” the author states. 

A somewhat more recent comprehensive report in the literature 
by Arba H. Thomas of the Armco Steel Co. has some revealing 
experiences. Thomas states (16) that the so-called “iron-consuming”’ 
bacteria do not actually devour metallic iron as a food, but do re- 
quire ferrous iron for their sustenance and growth. As he pictures it, 
they consume ferrous iron in aqueous solution and excrete it through 
their cell walls as red ferric hydroxide or other insoluble ferric com- 
pounds. In regard to corrosion abatement, he states that there have 
been many instances where an ordinary mineral analysis of the water 
and the Langelier index would indicate the water to be non-corrosive, 
and he traces such discrepancies to the presence of iron or sulfur- 
bacteria. In one instance of this, where no corrosion had been en- 
countered in other localities, sections of the pipe began to perforate 
at the bottom less than two years after installation. Upon examining 
these pipe sections, tubercles up to about two inches in diameter 
were found. These tubercles were opened, giving off an obnoxious 
“pig-pen” odor. This odor led the investigators to search for some 
type of dead organism undergoing putrefaction. Crenothrix and 
Leptothrix were confirmed by a laboratory investigation. The con- 
clusion reached was that, due to a low-velocity flow, nests of deposits 
of organisms were formed on the bottom of the pipe, with resulting 
formation of oxygen-concentration cells conducive to pitting. These 
findings persuaded the Armco people to investigate further and labo- 
ratory tests were initiated. They took samples of scale-free iron and 
steel sheets, and completely immersed them in flowing water, con- 
tained in porcelain, enameled circular containers (see Figure 2). The 
efficiency of the chlorine treatment was demonstrated in a convincing 
manner. After chlorine was introduced to the water, it was noted 
that the heavy growths present began to loosen and fall from the 
specimen within 12 hours. In three days the entire accumulation had 
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been removed. This is a vivid and practical demonstration of the 
efficiency of the chlorine treatment (Figure 3). The one disturbing 
result in these investigations is that Thomas reports less corrosion 
as the dissolved-oxygen content was increased from 0.3 to 9.0 ppm, 
supported by photographs, but contrary to common knowledge. 

It was found that if chlorine is introduced so that the residual 
amount in the water is in the vicinity of 0.5 ppm, most of the less 
hardy types, such as Leptothrix, Crenothrix, and many of the sulfate- 
reducing forms, can be destroyed. In Middletown, O., the location 
of these studies, the city water was also treated with chlorine. This 
eliminated red-water complaints. The treatment was also extended to 
the air-conditioning water, where previously trouble had been en- 
countered by corrosion within the coils. This treatment was the only 


way to get rid of accumulated growths and maintain cooling efficiency 
at normal level. 


HisTorY OF THE MAYNARD WATER SUPPLY 


On May 25, 1888, the Massachusetts Legislature passed an act 
enabling the town of Maynard to construct a water-supply system. 
Water was to be taken from a pond, situated in Stow and Hudson, 
and flow by gravity through a 12” vitrified-clay pipe three miles to a 
receiving well, located on the outskirts of town. From here it was 
to be pumped into the system, including a 1%4-mil-gal reservoir. This 
was to be circular in form and built of field stone, imbedded in mortar. 

A contract was entered into on August 14, 1888, with a con- 
tracting firm to construct the water system, with the provision that 
all work must be completed on or before December 1, 1888. Only 
a small fraction of the work was completed at this time, however, 
and the town therefore hired another contractor the following spring. 
After a short time he asked to be relieved from his obligation and 
his request was granted. 

The Water Commissioners, together with a special investigating 
committee, decided therefore that it would be to the town’s advan- 
tage to complete the work themselves. It is interesting to note that 
the special investigating committee stated at that time that the 
pumping station, built by one of the previous contractors, would not 
stand very long, as it was of very poor construction. At the present 
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Fic. 3.—CHLORINE EFFICIENCY IN REMOVING BACTERIAL CorrOSION (ARMCO STEEL Co.) 


time the building is in better condition than some built at a later 
date. 

The machinery installed in the pumping station consisted of one 
large, compound-condensing, high-and-low-pressure steam pump, ca- 
pable of delivering 1 mgd, and one high-pressure pump as an auxiliary. 
Two tubular steel boilers of 85 hp each were to furnish the necessary 
power. 
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By 1921 the pumps were so worn that it was felt they should 
be replaced. A used, Laidlaw-Dunn-Gordon, flywheel pumping engine 
with a Myer riding cutoff valve, capable of delivering 1 mgd, was 
installed. This unit remained in operation until 1932, when a Diesel 
pumping unit and a gasoline-driven stand-by pumping unit were 
installed. 

The gravity feed line from the pond to the receiving wells did 
not give satisfactory service and, therefore, by 1941 changes were 
necessary. In that year, a new station was constructed at the pond 
and a new 10” force main laid from the new station to the old station, 
whence the water goes into the distribution grid. Two electrically 
driven DeLaval pumps were installed: one with 350-gpm and the 
other with 250-gpm capacity. In 1949 the 250-gpm unit was replaced 
with one capable of delivering 500 gpm, due to increased demands. 

Each year additions were made to the distribution system, until 
now practically the entire town is serviced by this water supply at 
White Pond. In 1948 there were 1,745 services and the average daily 
draft or consumption equalled 386,041 gal. In 1949 an additional 
35 services were provided, and the average daily consumption rose 
to 412,803 gal, or 60 gal per capita. 


PRESENT CONDITION OF THE MAYNARD DISTRIBUTION SYSTEM 
AND WATER QUALITY 


The quality of the water supplied to the town of Maynard from 
the White Pond source has been the cause of much difficulty to the 
water department for many years. It had become increasingly appar- 
ent that something had to be done about “red water” condition and 
the accompanying taste and odor problems. 

Incrustation due to bacterial activity and their end-products has 
decreased the carrying capacity of the pipes to a bare minimum in 
many instances. The degree of corrosion which is experienced may be 
best described by two examples. In one case, when a fire hydrant was 
turned on full force, the connected fire hose could be manually com- 
pressed. This points up clearly the seriousness of the situation. An- 
other illustration of how far corrosion has proceeded was recently 
demonstrated when a short piece of pipe, which was replaced as part 
of the regular program, was subjected to a flow test. It was observed 
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that the pipe had become incrusted to the extent that it was almost 
completely filled with a semi-solid fibrous mass and brownish deposits, 
leaving little openings for water to pass through. Upon applying a 
water pressure of 90 psi on one end of the pipe, only a small trickle 
was observed at the other end! These two instances are believed to 
be sufficient to describe the seriousness of the situation at Maynard. 

The purposes, when pilot-plant studies were first contemplated in 
the fall of 1947 were: 


(1) To provide a cleaner and more palatable water to the con- 
sumer. 

(2) To stop the corrosive action in the pipes. 

(3) To insure adequate water pressure at all times in every 
point of the system as designed for, and to give necessary 
fire-fighting protection. 


In order to accomplish these goals and to learn more about the 
details of this complicated problem, a pilot plant was constructed in 
the water-pumping station at White Pond (see Figure 4), with a flow 
of about 2.3 cu ft per min, or 25,000 gpd. 


DESCRIPTION OF THE Pitot PLANT AND SOME OF THE RESULTS 
OBTAINED 


Upon a preliminary analysis of the causes of water-quality de- 
preciation in the distribution system, the conclusions arrived at were 
that this was due to electrochemical reactions, such as accompany any 
corrosive water in contact with metals, and to the chemical and physi- 
al reactions of the products of living organisms that have been ac- 
cumulating within the system. It was recognized that any organic 
matter, either present or continuously entering the system, would 
provide food for these living organisms. 

Therefore, the first step would be to reduce the organic matter 
entering the system; secondly, to reduce or destroy completely the 
living organisms in the water and in the distribution system. Up to 
this time, for several years, the raw water had been receiving a con- 
stant chlorine dosage from a hypochlorinator on the suction side of 
the pumps. This had been resulting in a combined or chloramine 
residual, after the pumps, of 0.35 ppm. It may very well be that this 
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low dose of chloramine actually had been providing food for some of 
the organisms present in the system, after the active chlorine had 
been used and only the nitrogen portion or residual of the compound 
or compounds remained in the water. Thirdly, some means of effec- 
tive corrosion control and pH adjustment was proposed to eliminate 
the troubles. 

It was decided to build a pilot-scale treatment plant, consisting 
of three tanks, arranged in series, so that the plant would be as 
compact as possible and the flow of water through this system could 
be continuous. The first of these three tanks is actually an aeration 
chamber. Its dimensions are 3’ x 3’ x 3’, or an overall volume of 27 
cu ft. From this tank the water overflows a weir plate (see Figure 5) 
into a second tank or mixing chamber. The dimensions of this tank 
are identical with the first. From the mixing chamber the water over- 
flows another weir-plate into a contact and settling basin. This basin 
is 9 ft long, 3 ft wide, and 3 ft tall, with a total volume of about 
80 cu ft. The basin contains 5 round-the-end baffles, spaced 1% ft 
apart. Six inches from the end of this contact basin there is a side- 
overflow weir-box, with a weir-plate of the same dimensions as before, 
discharging into a 2” pipe. This pipe leads back into the main dis- 
charge pipe from the pumping station, thus completing the by-pass 
through the pilot plant. 


Aeration Unit 


As shown on the isometric view of the pilot-plant drawing 
(Figure 5), the raw water enters from a by-pass on the 12” main, 
on the pressure side of the pumps, through a control valve and flow 
meter into the bottom of the aeration tank. Into the same line, just 
after the meter and before entry into the aeration chamber, the solu- 
tion feed from a new W. & T. chlorinator enters. This is a volu- 
metric chlorinator, manual-control, solution-feed, which is especially 
adapted to meet accurately the varied requirements of the smaller 
water works. Four inches above the floor of the aeration unit, a gal- 
vanized pipe in the form of a square, with 1%” diam. holes, spaced 2” 
on centers, is suspended and directly connected to an air compressor, 
furnishing sufficient air to agitate the water vigorously. The by-pass 
from the main is controlled to carry 2 cfm, or 14.96 gpm. In addition 
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to this, a quantity of 2 gpm enters from the solution feed of the chlori- 
nator injector. The total flow is, therefore, 16.96 gpm or 2.27 cu ft 
per min (24,500 gpd). If the effective volume for detention equals 


3’ x 3° x 2'6", or 22.5 cu ft, the theoretical detention period is 


22.5 


—— = 9.9 or 10 minutes. 
2.27 


Mixing Chamber 


A four-bladed, vertically placed agitator, driven by a % hp 
electric motor at a speed of about 10 rpm is installed, to provide 
mechanical mixing. The chemical feed, which was originally con- 
nected to the bottom of the tank (as shown on Figure 5), in the mean- 
time was changed to a dry feed from the top, directly into the water. 
Solution feed with a chemical such as lime was found to be a cumber- 
some operation and no degree of accuracy in dosing could be obtained. 
The dry feed, as practiced now from the top, should be supported by 
a solution pot as soon as possible, i.e. rather than feeding the chemical 
directly upon the water surface, which is not a good practice. A small 
amount of concentrated solution or slurry should be first formed, 
which is then introduced directly by gravity. The theoretical de- 
tention period for this tank is essentially the same as for aeration, 
about ten minutes. 


Contact and Settling Basin 


Along the longitudinal dimension, after the first 12 in., the first 
vertical baffle is placed, with 6 in. on the side for the water to pass. 
The other four baffles are spaced 1’ 6” apart, with 6 inches clearance 
at alternate sides for the water to pass around. The end weir has 
already been described. The detention or contact period in this tank 
can be readily obtained as follows: 

If the maximum area for the water to “squeeze” through is taken 
2.27 
0.505 
ft per min. If the length of horizontal path is taken as 20.5 ft, the 

0.5 


0.505 


as 3° x 1.5’ or 4.5 sq ft, the velocity would be 2 = 


detention period = = 40.5 minutes, without considering short- 


circuiting. 
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In this analysis we assumed that dead-space losses will make up 
for the actually higher velocity, due to small areas of flow-through 
section, where the water is temporarily speeded up. However, we can 
state that the total detention period for the pilot-plant set-up is very 
nearly one hour. Practical experience has indicated that actual de- 
tention period is somewhat less than an hour—closer to 50 or 55 min- 
utes, actually—which may be due to short-circuiting in the tanks. In 
order to get reliable design figures for any final treatment plant, the 
present set-up lends itself excellently to conducting flow studies, to 
establishing the exact characteristics of these basins and to adjusting 
their sizes to conform to the actual or theoretical contact periods that 
will be established as required to perform the various tasks for each 
unit. 

The whole structure, as it now exists, is made from galvanized 
steel sheet-metal, which lends itself excellently for this work. The 
reasons for the arrangement and the purposes of each unit in the 
proposed treatment process will be briefly discussed. As far as pos- 
sible, merits or demerits, which have so far been established, are 
pointed out. 


It may be mentioned here again for clarity that, before these 
studies were undertaken, the water from White Pond received no form 
of treatment, other than chlorination to a 0.35-ppm combined residual 
at the pumping station. The raw-water intake of the pumping station 


is approximately 15 ft below the surface of the lake. The chemical 
analysis of the water is shown in Table 2. 


TABLE 2.—CHEMICAL ANALYSES OF THE MAYNARD WATER SUPPLY 


A. Analyses Made by the Massachusetts Department of Public Health 


Tur- Ammonia Nitrogen Hard- 
Year bidity Color Free Album. NO, NO, Chlorides ness Alk. pH Fe ples 
1940* — 2 014 .071 07 — ym 8 6 62 .05 5 
1946 3 8 .003 .100 05 — 3.0 12 10 6.7 .08 4 
1947 2 3 012 .060 02 — 2.8 10 7 oe 4 
1948 1 3 .004 .068 02 — 3.0 11 7 64 03 1+ 


*It was also found in the 1940 report that the residue on evaporation was 22 ppm. 
tThis singular sample was recorded as the only one in March, 1948. 
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B. Analyses Made by the Author March 1-20, 1948 
Type of Determination Number of Determinations Performed 


Total Alkalinity = 7.0 ppm as CaCO, (6) 
(P alkalinity = 0) 


Hardness = 8.0 ppm as CaCO, (3) Average figure 

CO. Content = 10.0 ppm as CO, (12) Varied from as low as 5 ppm to 
as high as 14 ppm** 

pH = 6.10 (5) Measured with electro-potential 
meter 

Ca++ = 6 ppm as Ca* (2) p. 60, Std. Methods, 9th Ed. 

Dissolved Solids = 40 ppm (3) 

Dissolved Oxygen = 11.2 ppm at 2° C. (4) Winkler Method wth Azide 
Modification 


Per cent D.O. Saturation = 81.0% 
Average temperature during the total period = 3° to 5° C. 


**It should be stated that the raw-water pH, as measured at the plant by a color comparator 
(which was checked to be correct within 0.2 pH units against the electro-potential pH meter), has 
changed from substantially pH of 6.1 to 5.4 during the times these tests were performed, with the 
lower value obtained on March 20th. This must be ascribed to the spring turnover in the pond (see 
Figure 4), upsetting the alkalinity-acidity equilibrium, as must be expected. 


Results 


Upon examination of these analyses certain facts stand out im- 

mediately : 

(1) That this water is extremely soft. 

(2) That the CO, content is high, as might be expected. 

(3) That the amount of organic material is relatively low (also 
reflected in the low color and turbidity readings). 

(4) That the pH of this water is low and that this situation, 
combined with the low alkalinity, explains, at least to a 
great extent, the corrosiveness of this water in the distri- 
bution system. It also indicates immediately that, in order 
for a thin film of CaCO, to be deposited, a relatively large 
amount of chemical, such as lime, must be added. 

(5) That the break-point for this particular water can be 
reached with a relatively low dose of chlorine applied (see 
Figure 6). This is reflected in the low organic-matter con- 
tent and nitrogen compounds dissolved. Therefore, a 
rather low, free and stable residual can be carried through- 
out the system, once the organic and bacterial growths in 
the pipes have been destroyed, including the iron bacteria. 
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(6) The iron content of the raw water is low. The U.S.P.HLS. 
Drinking-Water Standards have set the maximum limit of 
the combined iron and manganese content at 0.3 ppm. 
Above this, these minerals impart color (“red water”), 
stain fixtures, and “chalybeate” waters—i.e., they impart 
a peculiar flat and iron-like taste. 

(7) That the dissolved-oxygen content is relatively high— 
about 80%. This helps also to explain the corrosiveness of 
the water. This shows that the dissolved-oxygen content 
should by no means be increased, but rather decreased. The 
same holds true in regard to the iron bacteria, most of 
which are aerobic and thrive in the presence of oxygen. It 
must be stated at this point that at the time the dissolved- 
oxygen tests were made the spring turnover had already 
made itself felt, so that this figure of 80% may not be as 
representative as it should be. 


It has been found at this pilot plant, with aeration provided as 
described, that the pH value of the raw water has been increased by 
0.1 to 0.2 units. This method of pH increase would be costly indeed 
and not help corrosion in any way, due to the corresponding increase 
in dissolved oxygen, but it has been found that the CO, content is 
reduced about 30%. The amount of air used, however, could not yet 
be established and it would be interesting to compare the economics 
of removal of this 30% of free CO, as to chemical neutralization. 

The main reason for this aeration unit in this plant is a little 
different. The solution feed from the chlorinator, dosing theoretically 
2 ppm or 16.7 lb per mil gal into the aeration chamber, lowers the pH 
just about by 0.1 to 0.2 units, so that the increase in pH, due to the 
CO, removal, is offset by the chlorination and the pH value is re- 
turned to that of the raw water. This is fortunate, inasmuch as the 
raw water has a low enough pH, and any further lowering in the pH 
that can be avoided represents a real saving in chemicals for CaCO, 
saturation and pH adjustment, later. 

Another important purpose of this tank is the removal of ob- 
jectionable odors, due to the active oxidation or destruction of bac- 
terial and organic life. It was found that the 0.35-ppm residual, 
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previously maintained with the hypo-chlorinator, produced a bad 
taste-and-odor problem during the summer months in the town of 
Maynard. Housewives complained about not being able to boil tea 
and coffee any more without the inclusion of an obnoxious medicinal 
taste and odor. It was proven that, by carrying a free residual, this 
trouble can be overcome. The water leaving the pilot plant has no 
taste whatsoever and a definite improvement over the raw water can 
be noticed. It should also be remembered that it is not always the 
amount of organic material and bacterial life present that produces 
offensive odors and tastes, as much as the types of organisms present. 
Undoubtedly, saprophytic bacteria are present in the pond, liber- 
ating CH,, HS, CO, and other substances whose tastes and odors 
are greatly pronounced and aggravated when attacked and broken 
down by chlorine. In order to get rid of these objectionable and foul 
odors, this aeration—with a 10-minute contact period—has proven its 
worth up to now. The 10-min contact period was found to be just a 
little short for break-point formation within the aeration tank, but 
the main odor- and taste-producing substances seem to be removed. 
The actual break-point is not reached until the mixing unit. It seems, 
advisable, therefore, that, in the final design and construction of a 
treatment plant, the aeration unit be given a somewhat greater de- 
tention period. 

Another feature which might be feasible to incorporate in a 
final design would be some form of forced-air ventilation over the 
aeration unit, continuously displacing the volatile substances ab- 
sorbed by the atmosphere. It would, of course, be even better if some 
form of selective atmosphere inducement could be attained over the 
aeration tank. However, the economics generally do not permit such 
refinements. Another disadvantage of the present aeration unit is 
that the amount of air cannot be measured. It is estimated that about 
Y% cu ft per min per sq ft of tank area is added. It seems that either 
the amount or the pressure, or both, are too great, for the agitation 
imparted to the water is very vigorous. The oxygen content is in- 
creased from 80% to 88% or 90% upon leaving the aeration unit. 
An attempt must be made to minimize this rise in dissolved oxygen. 
Naturally, the CO, removal is directly affected by the rate of aeration 
and a happy medium must be struck, depending on the actual CO, 
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content, which varies with the seasons, within limits, possibly more 
than oxygen. 

In passing, it should be mentioned that another purpose of basic 
importance was to provide good contact between the chlorine and 
all the water treated, in order to attain maximum efficiency of chlori- 
nation. 

From the aeration unit the water flows, with a combined total 
residual of 1.5 ppm of chlorine, into the mixing chamber (see Figure 
7). Here the chemical or chemicals are added to the water to the 
point of CaCO, saturation and for pH adjustment. 


Fic. 7—Vriew or Pitot TREATMENT PLANT. 
Showing (a) Aeration Tank, (b) Mixing unit with dry feeder mounted over it, (c) 
Contact and Sedimentation Chamber. (Pumps are shown in the foreground.) 


This water needs an increase in both the (Ca++) and the 
(CO,=) concentrations, to reach or surpass the solubility product 
concentration, required to lay down a protective film of CaCO, and 
prevent further metal from going into solution in the system. 

The use of hydrated lime, Ca(OH)., has this double effect of 
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furnishing Ca++ ions to the water and the hydroxyl ions which com- 
bine with the bicarbonates to form CO,=. The latter may be repre- 
sented as follows: 


HCO, + OH = CO," + HOH 


The effectiveness in raising the pH by Ca(OH), is very high; 
and were it not for the disadvantages of lime, in adding to the hard- 
ness of the water (1 ppm of lime as Ca(OH), adds 0.54 ppm of car- 
bonate hardness as CaCO,), as well as the fact that overdosages 
above the CaCO,-saturation point produce undesirable caustic alka- 
linity, the use of this chemical might represent the universal answer. 
The difficulties of solution feed and sludge problem have largely been 
overcome by the application of dry-feeding apparatus. 

From the marble test and the application of the Langelier formu- 
lation, as derived by E. W. Moore (17), in the most useful and prac- 
tical form, it was indicated that a lime dosage of 10 ppm as Ca(OH),., 
with a corresponding pH = 9.32, is required for CaCO, saturation of 
this water. The values found by the marble test and the application 
of Moore’s equation vary very slightly. These differences may very 
easily be due to the variation in pH of the raw water on different days 
of sampling and testing, or to the change in pH in the marble test 
due to prolonged standing. (Compare Figures 8, 9, 10 and 11).) 

The correct lime dosage of 10 ppm means, therefore, a theoretical 
increase in the hardness (carbonate) of 5.4 ppm or a 67.5% increase 
in hardness, based on 8 ppm as the initial hardness in the water. A 
total hardness of 13 ppm still represents a very soft water but the 
people of Maynard and industrial establishments may object, being 
used to such extremely soft water. 

The use of soda ash was, therefore, initiated with three immedi- 
ate advantages: 


(1) In solution feed, which had to be practiced until recently when 
a dry feeder was obtained, the distinct advantage of the soda 
ash in going more quickly into solution and being completely 
dissolved was demonstrated. 

(2) The problem of having some lime settle out and make accurate 
dosing of the chemical impossible was eliminated when soda 
ash was used. 
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Fic. 8.—Marsie Test TO DETERMINE CaCO; EquiLisrium Point By UsE OF LIME. 
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(3) Soda ash does not increase the carbonate hardness and a dose 
of 50 ppm of Na.CO, resulted in a pH of only 8.6 on plant scale. 


This does indicate the lower efficiency of pH adjustment by the 
use of Na,CO,. The cost of treatment with soda ash alone, wherever 
possible, is about 10 times that when lime alone is used. (Soda ash 
is about 2 times as expensive as lime and the dosage of soda ash re- 
quired is about 4-5 times the amount.) Actually, this is painting a 
darker picture for soda ash than is needed, for there would be some 
savings in the hardness, as compared to lime. 

A treatment with 100% lime proved that a dosage of 10 ppm of 
lime as Ca(OH), would saturate the water with CaCO, at a pH of 
9.32 (see Figure 9). 

A treatment with 20% lime and 80% soda ash proved that a 
dosage of 3.57 ppm of lime as Ca(OH), and 14.25 ppm of Na.CO, 
as CaCO, would saturate the water with CaCO, at a pH of 9.35 (see 
Figure 10). 

A treatment with 50% lime and 50% soda ash showed that a 
dosage of 7.2 ppm of lime as Ca(OH), and 7.2 ppm of Na.CO, as 
CaCO, would be required to give the desired CaCO, saturation at a 
pH of 9.30 (see Figure 11). 

It can thus be shown that, for the case of the water at Maynard, 
a saving in the hardness-increase may be effected by the use of, say, 
a 20%-80% lime-to-soda-ash combination. To predict a definite 
lime-ash proportion dosage for this water would be a mistake, the 
variations in the chemical constituents of the raw water being suf- 
ficiently great to upset such a definitely stated optimum dosage. It 
is therefore suggested that two dry feeders be maintained over the 
mixing tank, one for each chemical, with a continuous-recording pH 
meter, which will give the operator ample opportunity for adjust- 
ments in his chemical dosing. The change in the market prices and 
general availability of chemicals, when considered under present-day 
conditions, will also show that the recommended set-up provides for 
a more flexible operation. 

For the first few months at the start of the treatment, from ex- 
perience of similar treatment operations reported elsewhere, it would 
be best to operate this plant on the supersaturated side of CaCO,— 
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i.e., about 15 ppm of lime as Ca(OH), (or its equivalent)—and at a 
corresponding pH of about 9.8, to insure the formation of a good 
protective layer of CaCO,. 

During this series of tests, the chlorine residual was measured 
and it was found that the free-chlorine residual has no effect on the 
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chemical treatment, as would be expected from a consideration of the 


terms in the Langel 


. (The effect on salinity, if at all 


ler expression 


measurable, would be too small to warrant any correction of the 
value of pH, and this has practically been borne out in test runs.) 
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Fic. 11. 


The third and last feature of this treatment is the contact and 
settling basin. This basin provides ample opportunity for the re- 
actions, which may only be initiated in the mixing chamber, to go to 
completion, and for stabilization of the water under these new con- 
ditions, before entry into the system, to take place. It was noticed 
that, when the dosages into the mixing tank were adjusted during 
trial runs, over-dosage of chemicals would at times result in the 
settling out of a precipitate. Especially, if a high dose of lime and 
soda ash should temporarily find its way into the mixing chamber, 
co-precipitation would result according to: 
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Ca(OH)». + Na,CO, = CaCO, + 2 NaOH. 


The basin is therefore an added safeguard, providing sufficient 
contact time to carry down any substance present that may precipi- 
tate and deposit at, or near, the entrance of the distribution system, 
with consequent clogging and reduction of the carrying capacity. The 
basin will aid the operator in being able to deliver water of more 
uniform quality to the system, especially with variations in com- 
position such as occur every spring and fall. 

A disadvantage of the design of the present contact and sedi- 
mentation chamber is that the basin is too long and thus provides 
additional opportunity for O, to dissolve. The dissolved-oxygen con- 
tent of the water at the end of the contact basin was almost 100% 
with March temperatures and this should be reduced, if possible, 
without sacrificing settling-out time for chemicals. There is also 
room for improvement on the present baffle design. 

Some kind of sludge-removal provision must be made in the 
prototype. In the pilot-plant design an outlet for the sludge was 
hardly called for, in the final design, however, some arrangement 
must be made to remove adequately the sludge which may form on 
the bottom of this tank and thus reduce the capacity and contact time 
considerably with operation. 

The fact that the chlorine residual throughout this basin is 2 ppm 
shows definitely that a stable residual has been reached. There are 
no tastes or odors in this water, except what might be termed slightly 
chlorinous. 


DISCUSSION OF THE LANGELIER INDEX 


The test for determining whether a given water is saturated with 
respect to calcium carbonate has for many years been the “marble” 
test, in which the water is placed in contact with calcium carbonate 
and its increase or decrease in alkalinity noted. In order to determine 
the pH at the carbonate saturation point of an undersaturated water, 
a curve is drawn with pH as abscissas and change of alkalinity, re- 
sulting from the addition of CaCO,, as ordinates (see Figure 8). At 
each value of pH the alkalinity is obtained before and after the 
CaCO, addition. The point of intersection of the curve representing 
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alkalinity and the abscissa is the pH of the carbonate saturation point. 
This method is tedious and has really become obsolete. 

More recently Langelier (18) has shown how the calcium- 
carbonate equilibrium may be calculated directly from the composi- 
tion of the water, without resorting to the marble test. Moore (17) 
has shown how the Langelier equation can be used in place of the 
marble test, to compute directly the quantities of chemicals necessary 
to produce saturation in any given water. There are at least three 
reasons for preferring this method. One is that the laboratory work 
is cut down to a minimum; secondly, that the marble test is some- 
what unreliable unless the analyst is very skilled; thirdly, the time 
involved to attain true equilibrium after CaCO, saturation may some- 
times be a matter of days rather than hours. It has been the author’s 
experience that leaving the saturated samples in a cold room for 3 and 
4 days was necessary to produce the desired equilibrium. Another 
disadvantage is that by the use of McLoughlin’s method one gets a 
definite pH at the saturation point, which can be translated into plant 
operation only if lime alone is used. If, however, treatment with two 
chemicals, such as lime and soda ash in combination, is proposed, the 
point of saturation will not immediately indicate the exact proportions 
or dosages required. 

Therefore, more accurate determinations of the carbonate satura- 
tion point were made by the use of the simplified Langelier equation, 
as proposed by Moore. This method gives the relationship between 
the pH, alkalinity and calcium content of any water which is saturated 
with CaCO,—i.e., pH, = (pK. — pK,) + pCa + pAlk. 

In his original paper, Langelier (18) stated that the composition 
of water is only indirectly a factor in corrosion. Any water, regard- 
less of its composition, after a certain period of contact with a clean 
iron surface will cause corrosion of the metal. If, however, certain 
of the products of the corrosive action are held at the boundary sur- 
face, the corrosion rate is reduced and, if the conditions are favor- 
able, further corrosion will be practically elimjnated. The problem 
resolves itself, therefore, into one of forming a suitable protective 
coating. 

In natural, oxygen-containing water, CaCO, is the salt which is 
most useful in forming or, together with rust, assisting in the forma- 
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tion of a self-healing or natural protective coating. A rust coating 
not containing CaCO, is too porous and is not sufficiently dense and 
continuous to offer protection, and may even accelerate corrosion in 
the form of pitting. 

In order that CaCO, may deposit on the pipe interior, it is 
necessary that the product of the concentration of the calcium and 
carbonate ions present in the water at a given point in the system 
shall exceed the solubility product constant of CaCO, at 25° C— 
K.» = 1.6X10*. If water is deficient in either of these ions, so that 
Kx» is not equalled, not only will the carbonate film not form, but 
also any existing film will be dissolved. 

It is important to note that, as the film is deposited in the pipe, 
the separate calcium- and carbonate-ion concentrations in the water 
may decrease to the point where the solubility product is no longer 
exceeded, in which case the water is incapable of furnishing further 
protection. Applied to a given distribution system, this would mean 
that the pipe nearest the source would receive the greatest protection. 
This tendency, however, is offset by the fact that the deposition from 
a supersaturated solution is not instantaneous, but requires, for a low 
degree of supersaturation and at lower temperatures, several hours 
or even days. Also there is reason to believe that under conditions of 
operation there is a leveling process, whereby material deposited at 
one point may be picked up by solution and deposited at a point 
farther out in the system. This could be brought about by irregulari- 
ties in the treatment and by temperature changes. 

The algebraic difference between the actual pH of a sample of 
water observed and its computed pH, is the logarithm of its degree 
of carbonate saturation. This has been called the “Langelier or 
CaCO, Saturation Index.” Actually, this index is the logarithm of 
the ratio of the hydrogen-ion concentration, which the sample must 
have if it were saturated (without change in composition), to its 
actual hydrogen-ion concentration. If the index is zero, the sample is 
in equilibrium. A plus sign before the numerical value of the index 
indicates over-saturation and a tendency to lay down a protective 
coating of CaCO, in the pipes. A minus quantity indicates under- 
saturation or a tendency to dissolve an existing carbonate coating. 
Expressed mathematically: 
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Saturation Index = pH (actually observed) —— pH (saturation) 


tog 


In Langelier’s expression for pH,, the effects of variable salinity 
upon saturation are provided for in the term (pK, — pK,). It was 
Moore who evaluated these constants and placed the use of the equa- 
tion on a more practical level. In his paper (17), he has simplified 
Langelier’s equation to the form: 


pH, = K — log of ppm Ca (as Ca) — log of ppm Alk. (as CaCOg), 


and he has given a table for the values of the constant “K” for various 
concentrations of dissolved solids and temperatures. It should be 
remembered that this form of the equation applies strictly only for 
the range of pH, = 6.5 to 9.5. For values outside this range, the com- 
plete and original equation must be used. In the case of the water 
analyzed at Maynard the pH, of the raw water was found to have 
a value of 10.0. 


Significance of the Saturation Index 


From the foregoing discussion it might be assumed that a zero 
saturation index in practice would be ideal, at a given temperature. 
This is correct, provided that the index is zero at those points in the 
system where the water is most active. Since many corrosion troubles 
occur in hot-water systems, it would seem that an index of, say, 
—0.5 at 20°C. (which is equivalent to 0.0 at 80°C.) might prove 
out best for most supplies. 

It should be emphasized that the saturation index is an indicator 
of directional tendency and of driving force, rather than a measure of 
capacity. The capacity of a water to lay down protective coatings 
depends directly upon the property of the water to resist change in 
the value of its index. 

Moreover, the saturation index does not indicate the quantity 
of chemical required to establish equilibrium. In general, the lower 
the value of pH,, the greater will be the dosage required. 
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SUMMARY AND CONCLUSIONS 

In conclusion: 

(1) It was found that the forces that are at work in causing 
corrosion are many and that corrosion cannot be stopped by the iso- 
lation and removal of any single reaction or element. 

(2) Many methods of corrosion have been suggested or ap- 
plied, and various degrees of success have been obtained. There is 
no universal treatment so far. However, for the soft New England 
waters, the cheapest and most effective treatment in the long run is 
the limestone contact-bed, lime or lime-soda-ash treatment. 

(3) The chemicals which have been used in the treatment of a 
water to reach the carbonate saturation point are: hydrated lime 
(Ca(OH).), unslaked lime (CaO), soda ash (Na.CO,), caustic soda 
(NaOH) and limestone (CaCO,), the latter in the form of contact 
beds. 

(4) It has been noted that the addition of lime has the double 
effect of increasing both the calcium and the alkalinity, with conse- 
quent lowering of pH,. Lime is, therefore, generally considered the 
most satisfactory and suitable alkali for the correction of soft New 
England waters. There is one disadvantage with lime, inasmuch as 
hydroxide alkalinity may result in some soft waters which contain 
very small amounts of CO, and bicarbonate alkalinity. Hydroxide 
alkalinity does not aid in saturating the water with respect to CaCO,, 
unless there is present a sufficient amount of CO, and bicarbonate 
alkalinity to convert the added lime to calcium carbonate: 


(1) Ca(OH)» Ca(HCOs3)> + H.O + CO. =2 CaCO, + 
(2) Ca(OH)>» + H.CO, CaCOz +2 H.O 


It can be seen and calculated stoichiometrically from these re- 
actions that the dosage in ppm of pure hydrated lime should not 
exceed the sum of 1.68 x ppm CO, and 0.74 x ppm bicarbonate alka- 
linity as CaCO, in the water. 

Any lime added in excess of these quantities exerts only the 
single effect of its calcium content. These facts explain why some 
soft waters, which are low in CO, and alkalinity besides, cannot be 
successfully corrected for their corrosiveness by the use of lime alone. 
A suitable combination of lime and soda ash, with respect to CaCO, 
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saturation, can therefore be derived. Besides, the disadvantage of 
lime in adding hardness to the water is overcome by the use of 
soda ash. 

(5) It was found that a dose of at least 10 ppm of lime as 
Ca(OH), is required for carbonate saturation of the water at May- 
nard. If the alkalinity and the CO, content, in the mixing tank, are 
found to be 6 ppm and 3 ppm respectively, a lime-soda-ash treatment 
is found to be necessary. The sum of 1.68 X 3.0 plus 0.74 X 6.0 is 
equal to 9.48 ppm. This indicates that, at any time when the dosage 
of lime might be stepped up to above 10 ppm (equal to a positive 
saturation index), the real possibility of adding hydroxide alkalinity 
exists. This fact, combined with the savings in hardness-increase by 
the use of soda ash, has led to the advocacy of the proposed dry feed 
of 20% lime and 80% soda ash, or similar proportions, as was prac- 
ticed at the time of the conclusion of the original work. 

(6) Iron bacteria have been found in iron-bearing and cor- 
rosive waters in contact with iron surfaces. Gallionella and Creno- 
thrix have been observed under the microscope, which had grown on 
a sample of steel wool in a jar test of untreated water at Maynard 
(see Figure 12). This is not pointed out here to produce conclusive 
evidence of any sort, but it is common knowledge that these iron 
bacteria exist, feed, grow and deposit when dead in the pipe lines. 
On the basis of scattered evidence of the influence of organic matter 
on the iron bacteria, it may be tentatively stated that Crenothrix and 
Leptothrix are facultative autotrophs and that Gallionella is strictly 
autotrophic. In waters containing relatively large amounts of organic 
matter, it is common to encounter Crenothrix and Leptothrix, whereas 
in water low in organic matter Gallionella is prominent. The latter 
can grow well in the absence of sunlight, as compared to Leptothrix, 
of which the opposite has been found. 

(7) The exact mechanism of how the iron bacteria contribute 
to corrosion is still undetermined. One school of thought has it that 
these non-pathogens create concentration-cells and cause tubercula- 
tion and pitting. Another school believes that the active oxidation, 
furnishing the energy for the iron bacteria in part, helps to speed up 
the cycle of iron going into solution. Whatever the truth, which may 
very well include both arguments and depend also on pH, the effec- 
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Fic. 12.—Jar Tests FoR CorrosiON EXPERIMENTS. 
From left to right: (a) Water treated with Calgon; (b) Water treated with chlorine and 
lime—notice minor rust formation; (c) and (d) Untreated water or typical “red water”. 


tive removal of these organisms and their foods may solve a great 
portion of the problem. 

(8) Break-point chlorination, still in its infancy, carries a free 
and stable residual of high destructive power, as far as organic life 
is concerned, once the break-point dosage has been passed. 

Whatever the mechanism, oxidation or poisoning of the cell or 
a combination of effects, we know that destruction of bacteria can be 
very effectively carried out by chlorine residuals produced, once the 
“break-point” has been passed. 

As reported by Fair, Morris and Chang (19), at a pH above 10 
there is very little, if any, of the free residual in the form of HOC], 
but all is in the form of the rather inactive OCI—. The bactericidal 
power of OCI~ is approximately only 1% of that possessed by hypo- 
chlorous acid. 

At the Maynard pilot-plant aeration unit, where the pH is sub- 


a 
one 
a 
67 
athe 
: 
4 
a 


68 BREAK-POINT CHLORINATION AND ANTI-CORROSION TREATMENT 


stantially 6.0, practically all (98% at 0° C.) the chlorine residual is 
in the form of HOCI. The break-point is not quite reached in the 
10-minute contact period given to the water in the pilot plant. For 
this reason the unit should have a somewhat longer detention period, 
say 15 minutes, since at present the “break” is produced in the mixing 
unit. Under these conditions the free HOCI will very effectively de- 
stroy any bacteria or organic life present in the raw water. 

With the introduction of the chemicals for corrosion prevention, 
the pH is raised to 9.0-9.5 and at this pH, with the present status of 
the distribution system, it would take a long time, if at all, to destroy 
and carry out all the iron bacteria and bacterial slimes, now occlud- 
ing the inside of the pipes. 

For this reason it is necessary to resort temporarily to a more 
drastic treatment. Upon completion of a treatment plant, with every- 
thing in readiness to lay down a protective layer of CaCO,, all 
growths, tuberculations of iron bacteria, slimes, etc., must be attacked 
and destroyed by a high chlorine dosage. The system must then be 
hydrant-flushed. This plan has been adopted and carried out success- 
fully elsewhere. In those instances, the operation was carried out at 
night; certain parts of the system were isolated consecutively and 
the hydrants opened to drain the dirty waters and sloughable de- 
posits. This process may have to be repeated for some time, because, 
as bacteria break loose, new layers may become exposed to attack by 
chlorine, thus requiring additional flushings. This depends entirely 
upon the actual condition of the distribution system. The loss in 
water and other financial considerations compare favorably with pres- 
ent costs of laying new pipe. 

Immediately after this operation is successfully concluded, treat- 
ment to calcium-carbonate saturation must be started, preferably 
with a saturation index of + 0.3 or 0.5, at least, for an initial period. 

After treatment has been practiced at this pH, say 9.6 or 9.8, 
for the interim period, the dosage can be slowly and gradually re- 
duced. By continuous dissolved-oxygen, pH, and alkalinity tests 
at stations along the system, a continuous check can be maintained. 
As long as the pH does not fall very short of the pH,, say 0.5 approxi- 
mately, no CaCO, layer that has been formed will be redissolved. 
It is actually anticipated that the corrosion prevention can be effec- 
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tively carried out at a pH of no higher than 9.0. At this pH the 
effectiveness of a free-chlorine residual is impaired in the system— 
about 5% only of the chlorine in the form of HOCI at 0° C.—but the 
crucial disinfection has already been effectively carried out in the 
aeration chamber. 

It was found in these pilot-plant studies that the free residual 
obtained at the end of the settling and contact chamber is 2.00 ppm 
at a time when the lime- soda-ash treatment was being carried to a 
pH as high as 10.5 in the mixing tank, proving no effect. 
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THE CORROSION OF DOMESTIC GALVANIZED HOT-WATER 
STORAGE TANKS 


BY I. LAIRD NEWELL* 
[Read April 20, 1950.) 


STEEL tanks for the storage of both hot and cold water are sub- 
ject to rapid corrosion, unless either the water is treated or the steel 
surface is given a protective coating. Protective coatings can be 
divided into two classes, organic and inorganic. The organic coatings 
are made up of materials such as paints, rubber and synthetic resins, 
whereas the inorganic coatings are generally composed of glass, enamel 
or Portland cement. Cathodic protection, such as by externally applied 
potentials or galvanic coatings, has been used successfully for tank 
protection when the water is cold, but only the inorganic coatings 
and cathodic protection have found much favor for hot-water tanks. 
This paper will be limited to a discussion of galvanized-steel tanks 
for the storage of hot water. 

There appear to be at least three significant factors controlling 
the corrosion of galvanized-steel, hot-water storage tanks. They 
are temperature of the water, presence or absence of copper, and 
types of negative ions present in the water. Various investigators 
have noted the effect of these factors and some of the more important 
investigations are cited here. 

It was noted as early as 1742 that zinc coatings were protective 
to iron (1), and that this protection was due to the galvanic cell, formed 
when steel surfaces were exposed. Since steel surfaces having con- 
tinuous zinc coatings are perfectly protected, the life of this surface 
is of some interest. It depends on the thickness of the coating, the 
chemical composition of the water, and factors such as temperature, 
pH and oxygen concentration. According to Anderson (2), high-grade 
rolled zinc has been found to corrode nine times as fast in aerated dis- 
tilled water at room temperature as in aerated hard water under similar 
test conditions. 


*Research Chemist, Henry Souther Engineering Co., 11 Laurel St., Hartford, Conn. 
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Hydrogen-ion concentration has a wide effect on the corrosion 
rate of zinc (3). The penetration in inches per year may vary from 
as much as 0.20 at pH 3.0 to 0.001 at pH 7.0, to < 0.0004 at pH 12.0 
and back to 0.20 at pH 14.0. 

Galvanized-steel tanks for the storage of hot water in domestic 
water supplies have been in use for more than 50 years. The excellent 
results obtained, in many instances, not only with galvanized tanks 
but with galvanized piping have made the use of galvanized steel 
quite common. Some installations, made as long as 30 or 40 years 
ago, are frequently found to be in good condition today. However, 
with the more prevalent use of copper and brass pipe, connected to 
galvanized, hot-water storage tanks, and with the tendency to keep 
the stored water at higher temperatures, it has been found that with 
some water supplies galvanized tanks will have extremely short life. 

During the past 20 years, it has become apparent that zinc, 
under certain conditions, will fail to give adequate protection to steel. 
Of the three factors previously mentioned, the temperature and 
composition of the water appear to control the electrochemical be- 
havior of the zinc-iron system and, under certain conditions, cause 
failure of the zinc as a protective agent. 

Schikorr (4) appears to be the first investigator to show that, 
under certain conditions, zinc could become cathodic to steel and 
thus actually accelerate the corrosion of the steel, rather than protect 
it. As a result of his investigation, he found that, if the temperature 
of the water in galvanized pipes is 120°F. or below and if no large 
amount of air is present, then the zinc does not become ennobled 
sufficiently to produce a couple with any exposed iron, to cause the 
iron to act as a soluble electrode. However, with water temperatures 
as high as 160°F., the zinc becomes more noble than the iron and 
relatively rapid corrosion of the iron pipe takes place. 

G. L. Cox (5) found that, when zinc specimens were immersed 
in aerated distilled water for some days at various temperatures, a 
maximum in corrosion rate was found at about 140°F. Cox believed 
this to be due to the amount of oxygen available at various tempera- 
tures and also to the difference in corrosion product, formed at 
various temperatures. 

Maconachie (6) confirmed the work of Cox, showing that a 
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maximum corrosion of zinc occurred at a temperature of around 
140°F. 

Kenworthy and Smith (7) found in their work that zinc would 
not protect steel, where the steel was exposed to certain solutions, 
when heated to 185°F. They believed that, in order to have satis- 
factory life for galvanized steel, the carbon dioxide should be less 
than 5 ppm and there should be a total hardness of more than 
100 ppm. 

Bonilla (8) found that galvanized pipes carrying hot water 
showed pitting which was more severe than obtained with ungal- 
vanized iron pipes. He also found that the zinc coating on these 
pipes remained after 15 years and believed this to show that the 
zinc coating was cathodic to the steel. 

Gilbert (9) studied the effect of water composition and tem- 
perature on the electrochemical behavior and corrosion of zinc-iron 
couples. He found that zinc can become cathodic with respect to 
steel in both distilled and hard water. A temperature of 140°F. is 
necessary, but when the zinc has become cathodic, the temperature 
may be lowered to some extent without reversal. Since the chief 
reaction occurring in neutral solutions in the corrosion of zinc is 
oxygen absorption, the presence of dissolved oxygen is necessary for 
zinc to become cathodic. Where the zinc coating is one produced by 
hot galvanizing, a zinc-iron alloy layer is formed, which becomes 
cathodic to steel in aerated water, whether hot or cold, and is more 
cathodic than zinc under similar conditions. Thus, corrosion of the 
galvanized layer may stop when the zinc-iron alloy is reached. How- 
ever, pitting can occur and usually penetrates into the steel. 

Hoxeng and Prutton (10) also investigated the effect of chemical 
composition of the water and water temperature. They confirmed 
the work of Gilbert that zinc may become cathodic to steel under 
certain conditions. They found that chloride and sulfate ions 
decreased the probability of reversal of the zinc-steel couple, while 
bicarbonates and nitrates promoted such reversal. Increasing tem- 
perature increases the probability of reversal, but depends on 
electrolyte composition. 

Figure 1 shows graphically the effect of the bicarbonate ion on 
the potential of zinc, when measured against a saturated calomel 
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electrode. The fact that steel has a potential of —0.6 to —0.7 volts 
against a calomel electrode indicates the zinc to be cathodic to steel 
under these conditions. 

The results obtained by these investigators show that, in order 
for galvanized steel to have satisfactory life in hot-water storage 
tanks, the temperature of the water should be maintained below 
140°F. It would also be desirable to have a minimum concentration 
of bicarbonate and nitrate ions and a substantial quantity of sulfate 
and chloride ions. 

Another factor influencing the life of galvanized-steel water- 
storage tanks is the presence of traces of copper in the water entering 
the system. The increased use of copper and copper alloys for piping, 
fittings and valves of domestic water systems has had a marked effect 
on the life of galvanized tanks. 

McKee (11) has found that a concentration of 1 ppm of copper 
sulfate in a cooling system caused the removal of the galvanizing from 
pipes in as short a time as two months. 

Kenworthy (12), who studied the problem of copper and gal- 
vanized iron in the same water system, concluded that the rate of 
corrosion of galvanized iron or zinc is materially increased by the 
presence of traces of copper in water. As little as 0.1 ppm of copper 
causes a definite increase in corrosion rate. With amounts of copper 
up to about 0.3 ppm, the degree of corrosion is proportional to the 
amount of copper, but with copper concentration of 10 ppm, the 
corrosion rate is less than proportional. The copper appears to de- 
posit as small metallic particles on the surface of the zinc. Galvanic 
cells then form, with the copper particles as cathodes and the zinc sur- 
face as the anode. With many natural waters, sufficient copper is dis- 
solved, by the simple passage of water through copper pipes, to affect 
the rate of corrosion of galvanizing, but not sufficient to have a notice- 
able loss from the copper pipe. The amount of copper dissolved by a 
water will depend on the composition of both pipe and water. 
Increased carbon dioxide will increase the copper dissolved and it is 
suggested that the free carbon dioxide be limited to 2 ppm. 

The author has made a study of 7 galvanized, domestic water- 
storage tanks, which have been in service for periods ranging from 
431 to 667 days. Six of these tanks were equipped with single 
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magnesium rods to give additional cathodic protection. The mag- 
nesium rods were not centered on the axis of the tank, but were 
offset as much as several inches. The magnesium rod in the seventh 
tank became disconnnected from the tank after a few days and it is 
believed that the rod had no effect on the corrosion of the tank. 
These tanks were operating in a soft water at temperatures from 
165°F. to 170°F., the water having the analysis shown in Table 1. . 


TABLE 1.—WATER ANALYSIS 


pH 

Conductivity (mhos) 
Alkalinity 

Total Hardness 
Fixed Solids 
Chlorides 

Free Carbon Dioxide 


The tanks were connected to piping systems having copper or 
copper alloys in some part of the influent piping. All of these tanks 
showed severe pitting-type corrosion, as shown in Figures 2 and 3. 
It was also noted that the tubercle density was higher on those areas 
of the tanks farthest from the magnesium rod. This indicates some 
protection by the use of the magnesium anode. 

Pit depths were measured with an inside micrometer, after clean- 
ing off the tubercle with a revolving bristle brush. It was noted that 
most of the tubercles and pits were characterized by the presence of a 
hard disc over the center of the pit. The pits showed depths 
ranging from 0.009 to 0.075 inch. This disc was shown to contain 
significant amounts of copper. Figures 4 and 5 show photographs of 
typical corrosion pits found in these tanks, while Figure 6 shows a 
sketch of a tubercle having a copper-containing disc. 

Microscopic examination of a section through the corroding 
galvanized layer showed interlamellar corrosion of the zinc-iron 
alloy. Figure 7 represents a photomicrograph of the galvanized layer 
and shows corrosion extending through the zinc layer. 

As a result of these tests, the predicted life of these tanks was 
less than five years, with the probability that any individual tank 
would not have a life exceeding seven years before failure by 
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Tank Capacity, 52 gal; Service, 450 days; Pit Depth, 0.026 inch max. 
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Fic. 4—Twin Pits Unper A SINGLE TUBERCLE, THE Pits HAvING 
DIAMETERS OF APPROXIMATELY 4 INCH. 


leakage would occur. It is quite likely that difficulties due to “red 
water” would occur somewhat earlier than the failures by leakage. 

Our study has shown that severe corrosion may be experienced 
in galvanized, domestic, hot-water storage tanks, using a soft water. 


Increased corrosion and lower tank life are believed due to: 
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Fic. 5.—PHOTOMICROGRAPH OF SECTION THROUGH A TyPICAL Pit, FROM WHICH THE 
Corrosion Propuct Has BEEN REMOVED. 
This section shows the total thickness of the steel shell and the galvanizing, both 
interior and exterior. 
Magnification, 10X; Etch, 1% Nital. 


(1) the presence of traces of copper in the water supplied to 
the tanks; 

(2) operating temperatures in excess of 140°F., which tend to 
cause potential reversal in the zinc-iron galvanic couple; 

(3) the presence of significant amounts of bicarbonates and /or 
nitrates in the influent water. 


Lower corrosion, with consequent longer tank life, may be 
expected when: 


(1) Systems are all galvanized, with no copper. 
(2) Pipe is of a resistant copper alloy, such as aluminum brass. 
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(4) Water is treated with lime, to react with carbon d 
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(6) Operating temperature is lowered, to prevent potential 
reversal. 


(5) Copper is removed from water by passing through zinc. 


(3) Water is aerated, to remove carbon d 
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Fic. 7—PHOTOMICROGRAPH OF SECTION THROUGH GALVANIZED SURFACE NEAR A CORRO- 
sion Pit, SHOWING INTERLAMELLAR CORROSION OF THE ZINC-IRON ALLOY. 
This photo also shows voids leading to the surface of the zinc layer. 
Magnification, 500X; Etch, 1% Nital. 


(7) Magnesium rod is provided in waters having sufficient 
conductivity. 


The author wishes to thank Mr. A. L. Bisbee of the Hartford 
Electric Light Co., Hartford, Conn., for permission to reproduce 
many of the illustrations used in this paper. 
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DIscUSSION 

KENNETH F. KNOWLTON*.—Mr. Newell’s paper has been of 
great interest to me, particularly in two respects. The first is the fact 
that we must know more about the life expectancy of hot-water 
storage tanks, built of various materials of widely divergent costs. 
The second reason is that during the past two years four specific 
instances of unsatisfactory or questionable performance of galvanized 
hot-water tanks have been brought to my direct attention as a water- 
supply chemist. 

Length of expected service and quality of performance, weighed 
against cost, usually govern the choice of material for hot-water 
storage tanks. Examination of Table 1 shows that the best tanks of 
galvanized iron enjoy a tremendous price advantage over copper, the 
most common competitor. Of course, the percentage advantage is 
less when a complete, automatic heating unit is considered, but there 
are still a great many users of plain storage tanks. 


TABLE 1.—RETAIL Prices oF Hot-WATER STORAGE UNITS, May, 1950 


q 1. 30-gal capacity hot-water tanks only: Retail price 
j a. Light weight galvanized $21.00 
F b. Medium weight galvanized 24.00 
c c. Double extra heavy (300-lb test) galv. 28.00 
d. Copper, 250-lb test 82.35 
e. Copper, 350-Ib test 105.00 
2. Automatic water-heating units, 30-gal capacity, gas-fired: 
a. With galvanized-iron tank $110.00 


b. With monel or copper tank 175.00 


The history of the four individual cases of severe trouble with 
galvanized hot-water tanks will be given individually, since Mr. 


*Superintendent-Chemist, Salem and Beverly Water Supply Board, Filtration Plant, 


North Beverly, 
Mass. 
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Newell’s description of the action of copper seems in large measure 
to explain at least three of the cases. 


Case No. 1. 


This was a 40-gal tank, approximately six months old, connected 
to a heat exchanger on a household steam-heating boiler. The cir- 
culating pipe was partly of brass and partly of copper. 

At roughly two-week intervals, the circulating pipe near the 
hot side of the exchanger would become so filled with sludge that 
it required flushing to restore circulation. Analysis of the wet sludge 
is shown in Table 2. Active corrosion was obviously present in the 
system and the dissolved corrosion products were apparently being 
precipitated by the heat. Upon further investigation, the owner stated 
that he had used the copper drop pipe from his old copper tank to 
convey the cold incoming water through his new galvanized tank. 

It was recommended that he remove this copper tube and make 
the cold-water connection at a plug near the bottom of the tank and, 
if he wished to gain advantage of the remaining depth at the bottom, 
to use a short piece of tinned pipe inside the tank at this point. 

This change was made and six weeks later the owner called to 
say that his trouble had been eliminated. 


TABLE 2.—ANALYSIS OF WET SLUDGE FROM CIRCULATING PIPE TO Hot-WATER 
TANK IN CAsE No. 1 


Ppm 


Iron (Fe) 1,560 
Copper (Cu) 22.4 
Zinc (Zn) 320 
Phosphate (PO,), unfiltered 24.1 
% filtered 0.80 
pH 7.2 


Case No. 2. 
This tank was an integral part of one of the better makes of 
automatic, oil-fired hot-water units, having a galvanized tank with 
a central flue. 
At the time I was called in, the unit was approximately two 
years old and had started giving trouble, because of rusty water, 
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almost immediately after its installation. In this case, the water tem- 
perature had been high—about 160° to 180°. Analysis of the material 
flushed from the bottom is given in Table 3 and shows high iron and 
zinc content. So far as is known, the tank had not been previously 
flushed out. 

The jobber who installed the unit flushed the tank thoroughly 
at this time and installed a magnesium anode, in an effort to control 
the corrosion. 

Two months later the tank was still giving trouble and it was 
suggested that the cold-water drop pipe inside the tank might be of 
copper. The jobber was shown a laboratory experiment, with a brass- 
iron couple in one beaker and iron only in another beaker, which 
definitely showed the difference in corrosion rates when the two 
beakers were heated. Immediately the jobber checked the tank and 
found the suspicion to be fact. The case this time was closed by the 
jobber’s installing a new tank, rather than inconvenience his customer 
any further. 

Of about a dozen identical, or supposedly identical, units sold by 
this dealer this was the only one to give trouble. Recently the writer 
obtained this discarded tank and had it split open. The tank is 
covered with large pits, especially on the central tube, which was 
hottest, while the area between the pits is still coated with zinc in 
sufficient thickness to take off chips with a chisel and then to verify 
the zinc in the laboratory. 


TABLE 3.—ANALYSIS OF SLUDGE IN BoTTOM OF WATER TANK IN CASE No. 2 


Ppm 
Tron (Fe) 20,400 
Zinc (Zn) 8,750 
Magnesium absent 
Phosphate (PO,) nil 
Insoluble material 904 
pH 6.8 


Case No. 3. 

This is a unit of the same make as No. 2, but gas-fired and 
installed by a different jobber in a new house, otherwise completely 
plumbed with copper. Red water caused several calls to the Water 
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Department to have the street main flushed and in each instance the 
street main was found to be clean. 

Finally the owner was told thai the tank probably had a copper 
tube inside that was causing the trouble. 

In this case our contact was with the owner, and he has had no 
success in getting an adjustment or study from the department store 
which sold and installed the unit. The only comment from the store 
was that the water was at fault. At the time of preparing this dis- 
cussion the unit was still giving trouble and no steps had been taken 
to correct it. 


Case No. 4. 


This case covers a group of gas-fired galvanized hot-water heaters 
in a new veterans’ housing project. All piping, including service lines, 
was of copper tube. We were called at a time when these units were 
between two and four months old, the complaint arising from a report 
of turbid, not red or colored, water to the housing authority. Their 
man had drawn one pint of water from the bottom of a tank and, 
upon straining it through a clean handkerchief, obtained a cake about 
¥ inch thick of material that looked like gray clay. 

Only one occupant in the development had noticed the turbidity 
at the tap, but all the tanks contained a similar material. Analysis 
showed the material to consist primarily of zinc hydroxide, zinc 
phosphate and zinc carbonate. 

From this experience we concluded that the zinc normally was 
removed very rapidly from the inside of the tanks and that, due to 
its light color, it was not noticed in the hot water until the iron began 
to corrode and the entire flocculent mass became red in color. Further 
samples from other miscellaneous tanks seemed to bear this out. 
Tanks with large amounts of “rusty” sediment, which had not been 
flushed, were found to have more zinc than iron in the sediment, and 
those which had been flushed out thoroughly developed only a 
relatively small volume of sediment, which was mostly iron. 

Mr. Newell’s observations on the accumulation of copper on the 
zinc surfaces are very interesting. We have not tried to make any 
similar tests, but on a few occasions have checked the copper content 
of water from various taps. 
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In particular, we have a sampling tap at the filtration plant, 
which is on a 42-inch copper tube about 50 ft long. Recent samples 
from this tap showed the first quart to contain 0.8 ppm of copper 
and, after thorough flushing of several minutes’ duration, the water 
still had a copper content of 0.2 ppm. 

In contrast to the reported instances above of troublesome units, 
I might state that one of our operators has an oil-fired, galvanized 
hot-water unit six years old, which has given no trouble. In this case 
the service pipe and all piping to the unit are of galvanized iron. In 
all of these cases the water supply is the same. Its approximate 
analysis is as follows: 

Carbon dioxide 
pH 

Total alkalinity 
Sulphate 
Hardness (soap) 
Calgon 


It is my opinion that more studies in the nature of those made 
by Mr. Newell would be well worth while and that the results of the 


studies should be made generally available to the manufacturers of 
these products, and particularly to the plumbing industry. 

I wish to express my thanks to the personnel of the Water 
Laboratory of the Massachusetts Department of Public Health for 
making the quantitative analyses of sludges used in these studies. 
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THE COST OF OPERATING CONSTRUCTION EQUIPMENT 
BY SHERMAN L. ROGERS* 


[Read September 19, 1950.) 


Untit the last war the Water Bureau of the Metropolitan 
District depended almost entirely on rented construction equipment, 
aside from compressors and trucks, to do its construction and mainte- 
nance work. This system consists of about 700 miles of water mains, 
44,000 services and about 4,450 hydrants. In both 1948 and 1949 
we laid about 18 miles of main and installed about 2,100 services 
with our own forces, and in 1950 we have already done in eight 
months about as much as during all of 1949. 

Hiring heavy equipment seemed reasonable, until the rental bills 
began to assume such large proportions that in one year we paid out 
nearly $15,000.00 to rent a 34-cu yd backhoe and operator. At this 
time it appeared that it would pay us to buy one or more shovels, but 
it was difficult to determine just what the operative costs would be 
and how far we should go in making these purchases. 

Therefore, we have tried to keep fairly accurate cost records, as 
various items have been purchased, to show whether or not there was 
any particular advantage in ownership, and this paper reflects the 
result of this experience. 

Having rented nearly all kinds of backhoes in all kinds of con- 
dition, we decided to buy first a %-cu yd backhoe and crane on 
rubber. This machine, made by the General Excavator Co., has a 
four-wheel drive and plenty of road clearance, and can move over 
the road at about 18 mph. While it is possible for this machine to 
become mired in deep mud, we have taken it through some very bad 
going. 

Soon after this machine was put to work on main pipe-line con- 
struction, we began to think of some mechanical aid for service-pipe 
excavation. Late in 1947, we thought we had the answer and bought 
a 1/3-cu yd Quickway backhoe, mounted on a Ford six-ton truck. 


*Superintendent of Distribution, Water Bureau, Metropolitan District, 2 American Row, Hartford, Conn. 
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This rig is highly portable and takes up only a little more room in 
the street than an ordinary truck. In easy digging it is “tops” for 
this sort of work, but we have so much hard digging in our district 
that we now believe that a slightly larger machine would be not only 
more efficient but cheaper to operate. This and other makes are made 
in the 3¢-cu yd size and, when we replace this machine it will 
probably be with a heavier one. 

To complete our line of excavators, we next bought a 34-cu yd 
Unit backhoe on crawlers. Although this machine is a full heavy-duty 
34-yard machine, weighing about 20 tons, we had it equipped with a 
'%4-cu yd digging bucket. This gave us a heavy, powerful machine, 
capable of producing plenty of trench in even the hardest digging, 
and yet one which dug a trench only 31 in. wide, instead of 39 in. 
wide, which is about the usual width for a 34-yd bucket. This 
materially cuts down the costs of roadway replacements and gasoline 
consumption is only about 15 gal per day, against about 30 gal per 
day with the larger bucket. 

We also have a 10-ton, Link-Belt yard crane, to handle pipe in 
our yard, where it was formerly handled by an overhead trolley 
system on an extensive wooden trestle. The cost of operating the 
crane is much less than the cost of maintaining the trestle, and 
there is no comparison in the speed with which it loads and unloads 
pipe. 

We also have two Hough payloaders, used to backfill trenches, 
a smaller loader on a Case tractor, to load sand or gravel from the 
yard stockpile, and a cold-patch mixer. There is little or no saving 
connected with owning a cold-patch mixer, since it costs us practically 
as much per ton to make cold patch as it does to buy it, except that 
our trucks can take as little or as much as they need at one time and 
we can continue to make it during the winter months, when all of 
the commercial plants are closed down. This feature alone is worth 
a great deal to us. 

Table 1 shows the total yearly cost of operating these machines. 
These figures represent all money spent for gasoline, oil, tires, and 
repairs, but overhead expenses and insurance are not included. The 
Quickway and the General were given complete overhauls last winter, 
and the cost of this work was added to the annual costs, to get the 
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average annual costs to date. It is generally recommended that 
machines of this type be depreciated by the straight method over a 
five-year period, and the various authorities agree that if machines 
like these are used 2,000 hours per year, their useful life is likely 
to be about five years. Since municipal outfits like ours seldom, if 
ever, operate 2,000 hours per year, a six-year depreciation period 
has been adopted. Depreciation is a very important item, since it 
is readily seen that on some machines depreciation is a larger figure 
than the actual costs of operation and maintenance. From the way 
in which we use it the Link-Belt crane will undoubtedly have a life 
of 10 or 12 years but, if the Quickway backhoe lasts out its allotted 
six years, we shall consider ourselves extremely fortunate. 

Table 2 shows the cost per hour of operation. Most of these 
machines are equipped with hour meters, which are electric clocks, 
operating only when the ignition switch is on. By using this little 
device, a surprisingly accurate account of the time that the machine 
actually runs can be obtained and the figures given are the average 
use per year under our conditions. The hourly time shown is not 
necessarily the actual time that the machine was on the job, but is 
the actual hours of operation with the motor running, and this should 
be kept in mind when comparing our costs with the cost of rented 
machinery, since you usually pay for a rented machine as long as it 
is on the job, and regardless of whether the motor is running or not. 
The difference between the figures in the last two columns represents 
the renter’s insurance, overhead costs and profit, and is also a portion 
of our savings due to ownership. Other savings are due to always 
having the machines available at short notice, to help excavate for 
leaks during the night or on week-ends. It is evident from these 
figures that it is probably better not to buy, unless a piece of equip- 
ment can be used several hundred hours per year, because depreciation 
goes on anyhow and idle equipment is a distinct liability. 

Most of our compressors are truck-mounted, with truck bodies 
especially built for carrying small tools, equipment and men. Some 
units have a regular, 105-cu ft, gasoline-engine-driven air compressor, 
and others have 105-cu ft air compressors driven through a power 
take-off by the Ford truck engine. There are other, older units, where 
a 105-cu ft gasoline-engine-driven compressor is mounted on a smaller 
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truck, with no provision for carrying men, and also a few tow-about 
compressors on two rubber wheels. 

Table 3 shows the average costs of operating each of the three 
types. A standard compressor on a special service truck is our favorite 
set-up. These seem to give less trouble than the power take-off 
units and are cheaper to operate. We have four makes of compressors 
and each make presents a different problem, when it is mounted on 
these service trucks. To save room on two makes, we have taken off 
the gasoline tanks and air receivers. The compressor motors are 
then supplied from the truck tank and the air receivers are mounted 
on the side. Lately, at least one company has developed an especially 
compact unit for cross-truck mounting. 

Each of these compressors is equipped with a sump pump, a 
60-lb breaker, an 80-lb breaker, two clay spades and two backfill 
tampers. The average life of these tools is slightly over ten years. 
Usually they are rebuilt after about six years of use at about one-half 
the cost of a new tool and then traded in, when air consumption be- 
comes excessive, usually in about ten years. Table 4 shows the re- 
sults of our experience with these pneumatic tools during 1949. Since 
many of these tools are comparatively new, operating costs over a 
period of years is likely to be somewhat higher than those shown. 
These tools are tested for air consumption about 10 times a year, 
but these costs are not shown in the table, since they are small and 
too hard to determine. 

Costs vary considerably with the use to which machines are put 
and also with the care that they receive. A backhoe used only in 
sandy soil will last for years, if it is kept greased and oiled, while a 
similar machine used for digging rock trenches will have a much 
shorter life. There is also a great difference in operators. One pay- 
loader operator may nurse his machine along and yet put out lots of 
work, while another may bang and slam it around in rough spots and 
run up a large repair bill. During this present year, our three back- 
hoes have been in almost constant use and, in addition, we have had 
a rented backhoe for several months and two others furnished to us 
by property developers. Observation has been that the unit cost of 
digging a foot of trench depends equally on the skill of the operator 
and the suitability and efficiency of the machine. 
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94 NATIONAL ROSTER OF SANITARY ENGINEERS 


A NATIONAL ROSTER OF SANITARY AND 
PUBLIC-HEALTH ENGINEERS 


BY FRANCIS B. ELDER* 
[Read September 13, 1949.] 


“SANITARY engineers have no single professional home. Because 
of their broad interests they are scattered through a dozen or more 
technical, scientific, and engineering organizations, with the choice 
of their allegiance depending in large measure on their particular 
interests and pursuits. Some belong to several of these societies; others 
to only one or two. Many sanitary engineers probably participate in 
none. Unfortunately there is not enough codrdination or codperation 
between these various groups looking toward the improvement of either 
the technical competence or the professional status of the sanitary 
engineer—there is no united front or common purpose. This situation 
may stem from a number of causes, including inertia, diversity of 
interests, and the absence of some cohesive influence to bring a measure 
of unity to this branch of the engineering profession. Perhaps the 
greatest possible service that can be rendered to sanitary engineers 
and to sanitary engineering would be to bring these diverse professional 
groups into closer acquaintanceship and understanding.” 

This is a statement of the Report of the Committee of the 
Sanitary Engineering Division, American Society of Civil Engineers, 
on Advancement of Sanitary Engineering, dated January 20, 19491. 
The Report notes an apparent schism, resulting from the development 
of specialties within this engineering group, but goes on to observe 
that a single, independent organization of sanitary engineers would 
probably serve little purpose. 

Any of you who have given consideration to the sanitary engineer- 
ing profession must admit the correctness of the portion of the report 
quoted. Whether or not you agree with the undesirability of a single 
society for sanitary engineers, it seems evident that, before any 


*Engineering Associate, American Public Health Association, 1790 Broadway, New York 19, N. Y. 
1Proceedings, American Society of Civil Engineers, 75, 6:795 (June), 1949. 
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FRANCIS B, ELDER 95 
effective action can be taken to bring members of the engineering 
specialty into concerted action, it will be necessary to know who and 
where these engineers are. The work the American Public Health 
Association is doing in preparing a roster of sanitary and public-health 
engineers should be of interest to anyone considering common action 
between these professional men. 

Suppose in a national emergency you were responsible for desig- 
nating a group of men who would be competent to perform critical 
duties that required a high degree of training and experience. How 
would you go about it? Whom would you consider? How could you 
be sure to designate those individuals who might be required for this 
important work so that they would not be diverted to other less 
demanding jobs? Most of us know qualified engineers who spent their 
time during the past war as truck drivers, cooks or company clerks. 
Draft boards had little choice; the speed of mobilization and lack 
of predetermined job classification often made it impossible to channel 
men into proper positions. 

Paul V. McNutt, Chairman of the War Manpower Commission, 
in January, 1943, announced the formation of a special committee 
within the Procurement and Assignment Service, which was given the 
responsibility of preparing a list of sanitary engineers. He said, “How 
many sanitary engineers there are in the United States who are already 
in some of the services directly or indirectly related to the war, no 
one knows.’* With a comprehensive roster it should be possible 
to determine the whereabouts of the great majority of any group. 
We must avoid the unpreparedness that created so many difficulties 
in those days. Incidentally, recent studies show that civil engineers 
in the various military services during World War II were used in 
duties commensurate with their training and experience to the extent 
of about 50%. In other words, 50% of the civil engineers were used 
in duties that did not call on their training and experience as engineers 
or, if their training and experience was called on, it was to a minor 
degree.* 


The American Public Health Association has signed a contract 


2News release, Office of War Information, War Manp 
Monday, January 18, 1943. 


%“Scientists in Uniform, World War II." Scientific Manpower Section, Research and Development 
Group, Logistics Division, GSC, Department of the Army, Washington, D. C. 
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PM-4285, for immediate release 
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with the National Security Resources Board for the preparation of a 
roster of sanitary and public-health engineers. The work in connection 
with this roster has been going on during 1949. It will be finished, 
for the purposes of the contract, the end of the year. However, so 
important is a current census of these engineers, that the Association 
plans to keep the roster up-to-date and enlarge it continually as new 
sources of information become available. We hope that funds can be 
found for this purpose. We hope that it will be financially possible 
to make the list available to other groups. 

Obviously, before embarking on our assignment we needed a 
suitable definition of just what is meant by “sanitary” or “public- 
health engineer”. We solved that problem rather easily by using 
the definition prepared in 1943 by the National Research Council. 
It reads: “The professional occupational title Sanitary Engineer 
shall apply to a graduate of a full 4-year, or longer, course leading to 
a Bachelor’s, or higher, degree at a college or university of recognized 
standing with major study in engineering, who has fitted himself by 
suitable specialized training, study, and experience (a) to conceive, 


design, direct, and manage engineering works and projects developed, 
as a whole, or in part, for the protection and promotion of the public 
health, and (b) to investigate and correct engineering works and 
projects that are capable of injury to the public health by being or 
becoming faulty in conception, design, direction or management. 
The practice of sanitary engineering includes the following activities: 


(a) Surveys, reports, designs, direction, management and _ investigation 
of: 
(1) Waterworks or sewerage systems and closely related engineering 
structures. 
(2) Projects relating to stream pollution, insect and vermin control 
or eradication, rural and camp sanitation, housing sanitation, and milk 
and food sanitation. 
(3) Systems for the prevention of atmospheric pollution or the control 
of indoor air, especially the air of working spaces in industrial estab- 
lishments (industrial-hygiene engineering). 
Professional research and laboratory work supporting the activities 
listed in (a). 
Responsible teaching of sanitary engineering and closely related subjects 
in colleges or universities of recognized standing.” 
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The next step was the preparation of a master mailing list of all 
those who might comply with the definition, and then we ran into 
trouble. Of course, there was the listing prepared by the War Man- 
power Commission during the war. It has served as the nucleus for 
our list, but its value is limited because many of the addresses are 
APO’s or army camps. Our next source was the membership lists 
of various engineering and technical societies. Position titles helped 
and personal knowledge of individuals aided us in selecting names 
from these directories, but there was no way to select one specific 
group that would represent the sanitary or public-health engineer. 
The lists of regular and reserve officers of the U. S. Public Health 
Service and of the old Sanitary Corps of the Army helped. 

Obviously, many engineers do not hold commissions in either 
the Public Health Service or the Army. Likewise, we believe that an 
appreciable number do not belong to the national engineering societies. 
To overcome this difficulty we have used personal contacts. All of the 
state sanitary engineers have been asked for help. They have given 
us lists of engineers employed in state, county and local government. 
They have included engineers employed by industry or in private 
practice. Several of the large consulting organizations and engineering 
manufacturers have given us lists of their engineering employees. 

You might suggest that the directories of the various state boards 
of professional registration would serve as good sources of information. 
We thought so until we had collected such directories. It is interesting 
that of the 42 state directories received, 27 give some sort of break- 
down as to type of engineering specialty covered by registration. 
Fifteen state only that the individual is registered as a professional 
engineer or a land surveyor. Only 17 of the 27, giving some breakdown 
of specialty, list “sanitary engineering” as one of the professional 
groups. Since the funds available for the preparation of the roster are 
modest, these state directories have been of limited help. If we are 
able to continue work on the roster next year, we hope to derive some 
good from the 27 directories giving some degree of specialization, by 
sending a questionnaire to those general groups that might include 
sanitary or public-health engineers. Our present mailing list contains 
approximately 10,000 names. 

The questionnaire was prepared for the job in hand. After 
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consulting with the NSRB to determine what information was required 
by our contract, we prepared one which should give the required 
information plus some additional data of interest to the profession. 
The first draft was sent out to more than 100 engineers for comment. 
On the basis of the response, the final form was selected. The question- 
naire has been prepared so that the answers given by the recipients 
can be used directly for punching the information on machine record 
cards. 

Many of you have received the questionnaire, but for those who 
have not yet had one a few words about the content of the questions 
may be appropriate. In addition to name, address, age, sex, marital 
status, present employer and nationality, there are questions on aca- 
demic degrees and years of professional experience. This latter is 
divided into several groups: total years of professional engineering, 
sanitary or public-health engineering, and service with an official 
public-health agency. Requested information covers experience with 
any of the armed services, professional registration and membership 
in national engineering and technical societies. It should be evident 
that these data will have many uses in addition to that for which 
the NSBRB plans to use it. 

Preparation of the roster has been somewhat complicated by the 
concurrent distribution of another questionnaire by the American 
Society of Mechanical Engineers for the Office of Naval Research. The 
purpose of this latter questionnaire is to provide information from 
which to prepare lists of individuals experienced in engineering research 
and development work. It covers the whole engineering profession, 
but from its nature will exclude many of the individuals in which we 
are interested. We are making every effort to prevent duplication. 
The Office of Naval Research has agreed to provide us with photostatic 
copies of all questionnaires submitted by those who give sanitary engi- 
neering as one of their proficiencies. We hope that any of you who may 
receive both questionnaires will be generous and complete both. The 
more comprehensive our roster can be made, the more valuable it will 
be. Any one of you who considers himself a sanitary or public-health 
engineer can be sure to receive our questionnaire by communicating 
with the Engineering Section Project, American Public Health Associa- 
tion, 1790 Broadway, New York 19, N. Y. 
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The uses for the completed roster are numerous. Obviously, the 
principal ones will be those to which the National Security Resources 
Board may put it. With the information available the NSRB, in case 
of a national emergency, will be in a position to designate those men 
with the general qualifications desired for various assignments. This 
will mean that the military services, industry, public health, etc., 
will receive their fair proportion of sanitary or public-health engineers 
available. 

Any of you who are on academic staffs are confronted with the 
problem of estimating the number of matriculants desirable in any of 
the engineering specialties to satisfy future needs. The roster will 
provide a census of specialists now available. 

All of us who are active in the affairs of the various professional 
societies know that one of the biggest difficulties in recruiting new 
members is in finding candidates. The roster can be of assistance in 
preparing lists of prospective members. 

I want to recall part of the opening paragraph. You will remember 
that the ASCE committee on the Advancement of Sanitary Engineer- 
ing decried the fact that there is no single organization to which 
sanitary and public-health engineers belong. It also questioned the 
need for a single organization but called for some means whereby 
common action and united effort could be secured for the sanitary- 
engineering group. When complete, the roster will provide the means 
for reaching practically all sanitary and public-health engineers. 

We appreciate the opportunity extended to us by the officers 
and members of the New England Water Works Association to present 
this activity to you, because we feel the roster is important to all 
engineers working in that broad field of which public health is an 
important part. 
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NOVEMBER 1950 MEETING 
STATLER, Boston, Mass. 
THurRsDAY, NOVEMBER 16, 1950 


President Thomas R. Camp in the Chair. 

Secretary Knox announced the election of the following to 
membership in the Association: 

Manuel E. Azevedo, Superintendent, Watchemoket Fire District, 
East Providence, R. I.; John F. Glacken, Chief Engineer, Water 
Department, Cambridge, Mass.; John P. Hennings, Engineer, Portland 
Water District, Portland, Me.; George A. Howland, III, Assistant 
Engineer, Metcalf & Eddy, Boston, Mass.; Clarence Francis Lamb, 
Partner, Waterman Engineering Co., Providence, R. I.; Byron O. 
McCoy, Hydraulic Engineer, Charles T. Main, Inc., Boston, Mass.; 
J. Carrell Morris, Associate Professor, Harvard University, Cambridge, 
Mass.; Philip W. Pease, Superintendent of Public Works, Dover, 
N. H.; Miner R. Stackpole, District Engineer, Water Resources 
Branch, U. S. Geological Survey, Augusta, Me. 

A paper on “Water Distribution Systems Studied by a Complete 
Electrical Analogy” was read by Malcolm S. McIlroy, Professor of 
Electrical Engineering, College of Engineering, Cornell University, 
Ithaca, N. Y. 

A paper on “Current Stream Flow Conditions” was read by 
Charles E. Knox, Hydraulic Engineer, U. S. Geological Survey, Boston, 
Mass. 

J. A. Frank, Vice-President and General Manager of the National 
Water Main Cleaning Co., New York, N. Y., made some comments 
on the cleaning of water mains and showed two films, “Trenton Cleans 
Its Water Mains” and “Washington, D. C., Cleans Its Mains.” 
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DECEMBER 1950 MEETING 
Hotei STATLER, Boston, Mass. 
TuHuRSDAY, DECEMBER 21, 1950 


President Thomas R. Camp in the Chair. 

Secretary Knox announced the election of the following to 
membership in the Association: 

Morton Francis Sampson, Superintendent, Water Department, 
West Brookfield, Mass.; John P. Stewart, Manager, Water & Sewage 
Works Manufacturers Association, Inc. 


Associate Member Reinstated: 
Joseph Dixon Crucible Co., Boston, Mass. 


A paper on “Preliminary Observations of the Storm of November, 
1950, in New England” was read by Harvey B. Kinnison, District 
Engineer, U. S. Geological Survey, Boston, Mass. 
A paper on “Laying Subaqueous Pressure Mains” was read by 
Stephen Haseltine, Project Engineer, Metcalf & Eddy, Boston, Mass. 
A paper on “The Desalting of Saline Waters”, prepared by 
Edward W. Moore, Associate Professor, Harvard University, Cam- 


bridge, Mass., was read, in the absence of Professor Moore, by Pres- 
ident Camp. 
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ADVERTISEMENTS 


ENGINEERS 


HOWARD E. BAILEY 


Consulting Sanitary Engineer 
Water Works 


Sewerage Sewage Treatment 
Industrial Wastes Disposal 


Water Purification 


6 Beacon St., Boston, Mass. 


FAY, SPOFFORD & THORNDIKE 


ENGINEERS 

Charles M. Spofford Ralph W. Horne 

John Ayer William L. Hyland 

Bion A. Bowman Frank L. Lincoln 

Carroll A. Farwell Howard J. Williams 
Water Supply - Sewerage - Drainage 
Structural and Foundation Problems 
Investigations Reports Designs Valuations 

Engineering Supervision 


11 BEACON STREET BOSTON 


HALEY & WARD 
ENGINEERS 


Successors to Frank A. Barbour 


Water Works and Sewerage 
Valuations 
Supervision of Construction and 
Operation 


TREMONT BUILDING BOSTON, MASS. 


MORRIS KNOWLES, INC. 
Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Industrial 
Wastes, Valuations, Laboratory, 
City Planning. 


1312 PARK BUILDING 
PITTSBURGH 22, PA. 


MALden 2-3800 
Gunite Restoration Co., Inc. 


Specializing in Pressure Concrete and 
Grouting 


665 Salem Street, Malden 48, Mass. 


METCALF & EDDY 
ENGINEERS 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 


Airfields Valuations 


Statler Building 
Boston 16 


R. E. CHAPMAN COMPANY 


Oakdale, Massachusetts 


GRAVEL DEVELOPED AND 
GRAVEL PACKED WELLS 


All Sizes to 60” Diameter 
Best Equipped for Complete Test Drilling and 
Development of Large Supplies 


352 
Tel. WEST BOYLSTON {373 


ECKENFELDER ASSOCIATES, INC. 


Sanitary Chemists 


Sewage and Industrial Waste Surveys, Process 

Research and Development, Water Ana’'ysis, 

Stream Pollution Investigation, Laboratory 
Analyses and Reports. 


45 N. Broad Street, Ridgewood, N. J. 


CAMP, DRESSER & McKEE 


Consulting Engineers 


6 Beacon Street 
Boston 8, Massachusetts 


Water Works and Water Treatment; Sewerage 
and Sewage Treatment; Municipal and Indus- 
trial Wastes; Investigations and Reports; De- 
sign and Supervision; Research and Develop- 
ment; Flood Control. 


R. M. LEGGETTE 


Consulting Ground Water Geologist 


Water Supply Salt Water Problems 
Investigations 


Reports 
New York 17, N. Y. 


Dewatering 
Recharging 


551 Fifth Avenue 


os 
: 
me 
4 
‘e 
‘ 


ADVERTISEMENTS 


ENGINEERS 


Malcolm Pirnie Engineers 


Civil and Sanitary Engineers 


Malcolm Pirnie 
Richard Hazen 


Ernest W. Whitlock 

G. G. Werner, Jr. 
Investigations, Reports, Plans, Supervision of 
Construction and Operations, App aisals and 
Rates. 


25 West 43rd St. New York 18, N. Y. 


WESTON & SAMPSON 


Consulting Engineers 


Water Supply and Sewerage 
Chemical and Bacteriological 
Laboratory 


14 BEACON ST. BOSTON, MASS. 


THE PITOMETER COMPANY 


ENGINEERS 


Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 
Penstock Gaugings 


50 Church Street New York City 


WHITMAN & HOWARD 


Engineers 
Established 1869 


Investigations, Estimates, 

Reports and Supervision, Valua- 

tions, ete., in all Water Works and 
Sewerage Problems. 


89 BROAD ST. BOSTON, MASS. 


Designs, 


Edward F. Hughes Co. 
Water Works Contractor 
Gravel, Artesian and Driven Wells 


Foundation Borings 


427 Riverside Avenue 
Medford 55, Massachusetts 


Cement Lined Service Pipe 


Cement lined pipe has eliminated 
corrosion and metal contamination 
for 60 years. 


Write for Literature 


Cement Lined Pipe Co. 


Lynn, Massachusetts 


PIERCE -PERRY CO. 


Wholesalers of 
Water Works Brass Goods 
Byers Wrought Iron Pipe 

Youngstown Steel Pipe 
Valve and Service Boxes 


236 Congress St., Boston, Mass. 
Telephone, Hancock 7817-7818 


C. Reppucci & Sons, Ine. 
General Contractors 
Ground Water Supply 
Gravel Packed Wells Driven Wells 


Water Works Reservoirs 
Drainage and Sewerage Works 


10 Garden Court St., Boston, Mass. 
(Tel. Lafayette 7330) 


D. L. MAHER CO. 


Water Supply Contractors 


Gravel Wall and Driven Wells 
Municipal and Industrial Supplies 


38B Brattle Street - KIRkland 1438 
Cambridge, Massachusetts 


LAYNE - NEW YORK CO. 


Ine. 

SUCCESSORS TO 
Layne-Bowler New England Corp. 
Well Water Supply Contractors 
New England Headquarters 


15 Ryder Street, Arlington, Mass. 
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Many of the 
Top Water Works Officials 


| ‘DETECTOR. METER 


as STANDARD 
i@ Fire Services 


| “MANUFACTURING. 


POUTH BOSTON, MASS. 
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ADVERTISEMENTS. Vv 


Select the Omega Universal 
Feeder for the last word in de- 
pendable volumetric feeding of 
dry materials. Simple in design 
and construction, the Universal is 
easy to operate — and econom- 
ical, too. The Universal is accu- 
rate — keeps to the “straight and 
narrow”, day after day, month 
after month, year after year. 
Even lumps and coarse particles 
are taken in stride, along with the 
fines. 

These are but a few of the im- 
portant reasons why so many 
plants select the Universal in 
preference to all other chemical 
feeders for lime, soda ash, alum, 
ferric sulphate, etc. For complete 
information and descriptive 
Bulletin 20-G14, address Omega 
Machine Company (Division of 
Builders Iron Foundry), 366 Harris 
Ave., Providence 1, R. I. 


OMEGA PRODUCTS 
Belt-Type Gravimetric Feeders * Loss-in-Weight 
Gravimetric Feeders * Universal Feeders * 
Rotolock Feeders * Lime Slakers * Laboratory 
Stirrers * Precision Solution Feeders * Disc 
Feeders * Rotodip Solution Feeders * Dust 

Collectors * Chemical Elevators 


UNIVERSAL 
FEEDER 
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ADVERTISEMENTS, 


The meter used by thousands 
of mumcipolities in the U $. 
ond obrood 


SURE TO MEET YOUR 
SPECIFICATIONS FOR ACCURACY, 
tOW MAINTENANCE, 

LONG LIFE 


Before you invest in water meters, get acquainted WORTHINGTON-GAMON 
with the design and performance advantages 


which make Worthington-Gamon METER DIVISION 


‘Watch Dog Water Meters first choice of so many Worthington Pump and Machinery Corporation 


municipalities and private water companies 


sipiailctinaiaatiliimes 296 South St., Newark 5, New Jersey 


WATCH DOG WATER METERS 
*Wetch Dog” models... mode in standord copacities from 
20 gpm up: frost-proof and split cose in household sizes. Disc 
type, Turbine type or Compound type. Write for Bulletin. 
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proves the value of 


PROPER MAINTENANCE 


% of of Punping 


tered meters 


“Annual 
lallons per Service) 


OM the above, you can realize 

that it is just as important to 

MAINTAIN your meters properly as it is 

to put them in. Antigo proved this, over a 

ten-year period. The figures speak for them- 
selves. 

The cost of pumping, treating, storage, 
etc., of water saved by water meters properly 
maintained, plus savings in sewage disposal, 

Pipes io is substantially more than the cost of proper 
Trident Meter meter maintenance. 


NEPTUNE METER COMPANY © 50 West 50th Street * NEW YORK 20, N.Y. 
Branch Offices in Chicoge, San Francisco, Los Angeles, Portland, Ore, 


vii 
Metering Alone is NOT Enough... | 
| Antigo, Wis. Before 
Services metered.....| 92% 99.672) 
| 219,110 ||109,000| 
Denver, Dallas, Kansos City, Lovisville, Atlante, Boston, 
NEPTUNE METERS, LTD., Long Branch, Ont. Conede 
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After cleaning 


Special Power Winch for pullion cleaning head through pipe. 


Just 30 years ago the water mains of the city of Toledo, Ohio were 
successfully cleaned by National. 

In 1945 a five year program to clean and recondition the entire water 
main system of Washington was begun and National in conjunction with 
the Centriline Corp. was successively awarded the cleaning contracts 
for 1945, 1946, 1947, 1948, and 1949, — in short, all the cleaning jobs 
to date! 

It was because of that unusual record that Toledo’s progressive water 
works department has again selected National to clean its entire water 
main system—a program that will take over five years to complete. 


Tests made on those lines already cleaned by National indicate higher 
pressure and increased carrying capacities, resulting in greater fire pro- 
tection for Toledo’s outlying districts. 


There's no obligation to have a National engineer estimate the cost 
of cleaning your lines. Why not write today! 


NATIONAL WATER MAIN CLEANING CO., 50 Church st. N.Y. 7, NY. 


ATLANTA, 333 Candler Building & P. O. Box 9 — Station E © BOSTON, 115 Peterboro Street @ 
CHICAGO, Room 1336 So. Michigan Ave. © KANSAS CITY, 406 Merchandise Mart, 2201 Grand 
Ave. © LOS ANGELES, 448 South Hill Street © LITTLE FALLS, N. J., P. O. Box 91 © OMAHA, 
3812 Castellar Street © RICHMOND, 210 East Franklin Street © SPRINGFIELD, Mo., 1301 
Prospect Ave. © SALT LAKE CITY, 149-151 W. Second So. Street ®© SAN FRANCISCO, 681 
Market Street © SIGNAL MT., TENN., 204 Slayton Street ®© FLANDREAU, S. D., 315 No. 
Crescent St. © MONTREAL, 2028 Union Ave. © VANCOUVER, B. C., 505 West Ist ‘ime e 
WACO, P. O. Box 887 © WINNIPEG, 576 Wall Street @ HAVANA ® SAN JUAN, PUERTO 
RICO ® BOGOTA © CARACAS © MEXICO CITY 
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Homogenized 
SELF CAULKING COMPOUND 


Every bag of BOND-O is a bag 
of perfect jointing compound. 


NORTHROP & CO. INC. 
SPRING VALLEY, NEW YORK 


Liguid Chlorine and 
Sodium Hypochlorite 


Prompt deliveries from nearby plant at Berlin, N. H. 


A PRODUCT OF “ny 


Berlin, NEW HAMPSHIRE 
SALES OFFICE: 465 CONGRESS ST., PORTLAND, MAINE. Tel. Portland 2-2829 


OVER 35 YEARS 


of Dependable Service 
To All New England 


H.R. PRESCOTT & SONS 
110 NORTH PARKWAY, WORCESTER, MASSACHUSETTS | 
Telephone 3-7535 Day or Night 


For a Complete Line 
of Water Works Supplies 


CALL ON US 


CATALOGS UPON REQUEST 


ADVERTISEMENTS. 1A 

~ 
: Strength 
Bonding 
Sealing 


STAR PERFORMERS 
ACROSS THE NATION 


5 show business only the best get star billing. 
It takes years of outstanding performances 
to win public acclaim. 


Bookings in Water Departments everywhere 

\MYDRO-riy, tell a story of star performance by 
(urna, HYDRO-TITE and FIBREX . . . Joints that don’t 
PIGS) leak .. . that are bacteria-free. 


HYDRO.-TITE, with over 35 years of dependable 
service, is the easy-melting, self-sealing 
compound for bell and spigot joints. Comes 

in powder, packed in 100 Ib. moisture-proof 
bags—and in solid LITTLEPIGS in handy 

50 lb. cartons. 1/5 the cost of lead! 


FIBREX, the chemically treated, bacteria-free, 
joint packing . . . comes in 3/8”, 1/2”, 5/8” 
sizes in 60 lb. reels. 1/2 the cost of 

braided jute! 1/4 the cost of rubber! 


Let these stars perform for you. 


Free working samples on request. 


HYDRO-TITE and FIBREX IN STOCK IN 


Portland, Oregon Seattle, Wash. 
Kansas City, Mo. Memphis, Tenn. 
Birmingham, Alo. Orlando, Fla. 
Little Falls, N. J. Boston, Mass. 


HYDRAULIC DEVELOPMENT CORP. 
| MAIN SALES OFFICE 50 CHURCH ST., N.Y.C. 


General offices and works W. Medford Sta., Boston, Mass. 
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ADVERTISEMENTS. 


FOR HAVERHILL 
| 


| 


1750 G.P.M. Fairbanks-Morse Motor Driven Pumping Unit at City of 
Haverhill, Mass. Kenoza Lake Pumping Station. 


The City of Haverhill in order to insure an abundant water supply, 
recently installed at each of its three pumping stations, Johnson’s 
Pond, Crystal Lake, and Kenoza Lake, a Fairbanks-Morse Fig. 5813 
6” 1750 G.P.M. Centrifugal Pump driven by a Fairbanks-Morse 125 
H.P. 1800 R.P.M. QZK Motor. 


A trained Fairbanks-Morse Engineer is on call to help solve YOUR 
pumping problems. 


Write or telephone to: 


FAIRBANKS, MORSE & CO. 


178 Atlantic Avenue Boston 10, Massachusetts 
Telephone: LAfayette 3-3600 
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ADVERTISEMENTS. 


The cheapest way to deliver water to the 
place where it turns into revenue is with 
a Dresser-coupled steel line—the line that 


® Cuts installation costs 
®@ Cuts leakage losses 
@ Cuts maintenance costs 


Strong, shatterproof, yet lighter in 
weight, steel pipe swings into place easily. 
Each section goes as far as several sections 
of more cumbersome alternate pipe. You 
have fewer joints, and those more easily 
and quickly made with Dresser Couplings. 
Your line is in service sooner . . . you save 
costly man-hours. 

The flexibility of Dresser Couplings 
cushions every joint and harmlessly Pa 
sorbs vibration and other stresses that 
cause rigid lines to leak. You get a perma- 
nently tight line that delivers all the water 
you put into it. 

You save on maintenance because the 
flexible- tight Dresser line “lives in the 
ground” comfortably and because modern 
glass-smooth linings assure high-sustained 
carrying capacity, life-long service. 

See your Dresser Sales Engineer, or 
write today for literature. 


Be sure you get the best 
steel pipe and Dresser Cou 


t line at the best price. Put ; 
plings in your specifications. ‘ 


delivers 


In Springfield, Mass., as many as 
40 long lengths of pipe were laid 
and joined in an eight-hour day, 
using a two-man joining crew. 


— 


— 


DRESSER 


Industries). 


OUPLINGS 


Dresser Manufacturing Division, 59 Fisher Ave., Bradford, Pa. (One of the Dresser 
In Texas: 1121 Rothwell St., Houston. In Canada: 629 Adelaide St. * Ww. 


cope 


Philadelphi 


Toronto, Ont. Sales Offices: New York, Chicago, H 


San Fr 
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From Break to Service 
in II minutes... 


e THE KENNEDY SAFETOP is the only 
hydrant with the threaded breaking ring that gives 
positive connection and rigid alignment of the two 
standpipe sections. Extensive tests and actual service 
reports show that the Kennedy Safetop can stand as 
tough a blow as the conventional hydrant without 
damage. But under a smashing impact, it always 


breaks cleanly at the breaking ring, without damage 


to working parts. 


SHEARED OFF by a heavy road-scraper at 1:26, the Kennedy Safetop 
breaks evenly at the ground level. 
nat N. Y. State Section meeting, A.W.W.A., April 1949. 


WITH ONLY an inexpensive 
Safetop Repair Kit and a few 
common tools, one man can 
permanently repair the Ken- 
nedy Safetop. 


NO NEED FOR DIGGING be- 
cause breakage is all above 
ground . . . no flooding be- 
cause compression-type valve 
closes with water pressure. 


IN JUST 11 MINUTES the 
Kennedy Safetop is back in 
service working as 
smoothly and efficiently as if 
nothing had happened. 


WRITE FOR SAFETOP BULLETIN 105 


VALVES 


m KENNEDY 


VALVE MFG. CO. «+ ELMIRA, N.Y. 


PIPE FITTINGS « FIRE HYDRANTS 
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ADVERTISEMENTS. 


EMERSON BROOK STATION 


Danvers, Massachusetts 


Critical water shortage for the Town of Danvers, Mass., necessitated 
immediate new source of water supply, which was found in Emerson 


Brook. 


A 4 MGD De Laval Pump was selected for this supplementary 
supply because of the satisfactory performance of the De Laval 
Pumps at their main pumping station. 


Elson T. Killam, New York City, was the Consulting Engineer for 
the project. 


TURBINE EQUIPMENT COMPANY OF 
NEW ENGLAND 


80 Federal Street Phone Liberty 2-5993 Boston 10, Mass. 
New England Representatives for 


DE LAVAL STEAM TURBINE COMPANY 
TRENTON, NEW JERSEY 
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ADVERTISEMENTS, 


Whether the caulking job calls for ingots for cast lead joints or 

lead wool for cold caulking, the primary requirement in either 

case is lead of high purity. PRODUCTS— 
Don’t take chances with inferior caulking lead which may have LEAD PIPE 
been manufactured from scrap material containing a large per- SOLDER 
centage of impurities. 

When present in a caulked joint, impurities on the surface will WHITE LEAD 
corrode and cause weak spots. The stresses due to normal pipe RED LEAD 
movement concentrate at these areas and failure results. ' 

Our lead, both in ingot and wool form, is made from selected 

metals and carries the Lead Industries Association Seal of Ap- 

proval as a guarantee of its quality. 


NATIONAL LEAD COMPANY 


OF MASSACHUSETTS 
800 Albany Street Boston 6, Massachusetts 


M-SCOPE Pipe Finder 


LIGHTWEIGHT MODEL 


Catalog No. 25F 


On Request 


JOSEPH G. POLLARD CO., 
Ine. 


Pipe Line Equipment 
New Hyde Park New York 


xv 
Ingot or 
= 
= 
4 3 
4 
At 
{ 
3 
4 ; 
: 


ADVERTISEMENTS. 


Tel. SUDBURY 458 P. O. BOX 153 


HILCO SUPPLY 


delivers 


A Complete Line of Waterworks 
Supplies To All New England 


Quality Products — Fast, Courteous and Dependable Service 


At the Junction of Routes 20 and 27 
SOUTH SUDBURY, MASSACHUSETTS 


Call 
BUILDERS 


PROVIDENCE 
GAspee 1-4302 
BOSTON 
HAncock 6-1060 


Builders manufactures the most 
| complete line of equipment for 


flow measurement and control of 
liquids, air, dry materials: 


The Venturi Meter * Type M Super- 
Accurate Flow Meters * Flo-Watch 
Mechanical Flow Meters * Propeloflo 
Meters * Chronoflo Telemeters ** 
Chlorinizers — Chlorine Gas Feeders * 
Kennison Open Flow Nozzles * Sightflo 
Indicators * Conveyoflo Continuous 
Weighing Scales * Liquid Level 
Gauges, Recorders and Controllers. 


For Bulletins call or write Builders- 
Providence, Inc. (Division of Builders 
Iron Foundry) Providence 1, R. 1. 


BUILDERS-PROVIDENCE 
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ADVERTISEMENTS. xvii 


For Complete Sewice... 


WATER WORKS 


CATALOG No. 5200 


Hays Corporation Stop with 
inlet A. W. W. A, standard PRODUCTS 
thread. 


AYS Manufacturing Company is one of the 
largest making a complete line of water ser- 

vice products, and for 80 years has enjoyed the 
prestige earned by unremitting insistence upon 
high quality. The HAYS line of fittings and other 
CATALOG No. 5622 products is famous throughout the world for easy 
Hays Tee for copper to cop- installation and a long life of trouble-free service. 


per to copper connection. 

All HAYS water works fittings are interchange- 
able with those of other manufacturers and cor- 
poration stops can be installed with any standard 
tapping machine equipment. They are made of 
highest quality 85-5-5-5 bronze, plugs are ground 
for perfect fit, specially lubricated for permanent 
easy turning, and hydrostatically tested at 200 
pounds or more. Write for the new HAYS catalog 


CATALOG No. 5050 


Hays Curb Stop for iron pipe 


to copper service connection. showing the complete HAYS line of water works 
products. 


CATALOG No. 5628 CATALOG No. 5610 CATALOG No. 5605 
Hays Elbow for Male iron Hays Two Part Union for cop- Hays Coupling for Male iron 
pipe to copper connection. per to copp ti pipe to copp cti 


WATER WORKS PRODUCT if 
HAYS MANUFACTURING co., ERIE, PA. 
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Damping 


YEARS... 


. 1145 gallons per minute. 


MORRIS 


In 1930, the contract for pumping equipment in the new 
Meadow Station at Concord, New Hampshire, was awarded 
to the Starkweather Engineering Company of Newtonville, 
Mass. Three Morris Centrifugal Pumps were then installed— 
nineteen years ago. 


Since then the Morris Pumps have given such excellent 
service, according to theSuperintendent of the Water Depart- 
ment, that the Town ordered, and now has in operation, a 
fourth Morris Pump for the Main Station.. 


Another example of MORRIS’ year in, year out reliability 
with maximum EFFICIENCY .. . 


There is a Morris Pump for every job. Write us for specification and operation data 
best suited to your needs. No charge or obligation. 


MORRIS MACHINE WORKS, Baldwinsville, N. Y. 
Starkweather Engineering Co., Inc. 
264 Walnut St. Newtonville 60, Mass. 
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Valves and Hydrants 


Distinctive Features of the EDDY Valves 


Cr three parts are moved by the Stem—the 
ball and the two gates. Each gate is hung 
from one of the trunnions on the ball. A convex 
surface at the base of each trunnion fits a concave 
surface on the back of the gate. This allows the 
gates to adjust themselves properly to their seats. 

The gates, being free to revolve on the 
trunnions, do not always seat in the same position. 
Gates are center bearing and adjustable. They 
are forced to their seats with equal pressure at all 
points. There are two hooks on the ball on sizes 
4-inch and larger, which loosely engage with the 
gates. 


Distinctive Features of Our New Swivel 
Top Hydrants 


|= new hydrant has all the advantages of the 
popular EDDY fire hydrant, plus several addi- 
tional features. . . . Nozzles are in a_ short 
flanged section of the standpipe, which may be un- 
bolted and turned to different positions. . 

Should the standpipe be broken, only the “cast- 
ing below the swivel head need be replaced. 


s To raise the hydrant to conform to a 
new grading, simply insert a flanged extension 
piece below the swivelhead. No digging. To 
add a steamer nozzle at any time, it is only 
necessary to replace the swivel head with one 
having a steamer nozzle. 


Besides valves and hydrants to meet the most 
exacting demands of waterworks service, the 
complete EDDY Line includes: valves for 
sewage disposal works; valves for steam, gas 
and oil; check valves, foot valves, plug valves, 
shear gates, indicator posts, etc. EDDY valves 
are made in three classes: Iron Body Bronze 
Mounted, All Bronze, and All Iron Valves. 


* 
Eddy Valve Co. 


WATERFORD NEW YORK 
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AND STILL 
GOING STRONG 


The ability of the Break-Point Proc- 
ess to meet the various demands of 
day by day operation is aptly shown 
by the case history of a municipal 
water works in Pennsylvania. 


Since 1941, when it was installed at 
this plant by W&T Engineers, the 
Break-Point Process has played a 
major role in producing a pure, spar- 
kling water for the system’s many 
consumers. It has completely elimi- 
nated complaints on tastes and 
odors and has raised the finished 
water quality to such a high level 
that tests show no gas formers and 
no bacteria on the plates. In addi- 
tion, a staff report continues, the 
Break-Point Process was of particu- 
lar value in keeping the water ac- 


PERFORMAN: 
IN THIS THEATS, 


ceptable to consumers during an 
emergency plant overload of 120%. 


These accomplishments and such ad- 
ditional benefits as longer filter runs 
and iron and manganese removal 
are typical of what you receive with 
the Break-Point Process backed by 
W&T Equipment. 


In the complete line of W&T chlor- 
inating equipment, proved by over 
35 years’ experience all over the 
world, there is a chlorinator that will 
give your plant these benefits, too. 


For more details write to your near- 
est W&T Representative — he’ll be 
glad to help you. 


WALLACE & TIERNAN 


COMPANY, INC. 


CHEMICAL CONTROL wt 
JERSEY REPRESENTED IN| 
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| EDSON 


PUMPS and ACCESSORIES 


POWER and HAND 
Edson Diaphragms 
Depco Centrifugals 
Edson Special Hose 


Edson Strainers, Foot 
Valves and Couplings 


Pipe Locators - Thawers 


THE EDSON CORPORATION 
141 FRONT STREET 
| NEW BEDFORD, MASSACHUSETTS 


Warren Foundry & Pipe Corp. 


Warren Pipe Co. of Mass., Inc. 


SALES OFFICES 


55 LIBERTY STREET, NEW YORK 
75 FEDERAL STREET, BOSTON, MASS. 


Manufacturers of 


CAST IRON PIPE 


| Flanged Pipe Flexible Joint Pipe 
Bell and Spigot Pipe 
Special Castings Short Body B. & S. Specials 


Warren (W) Spun Centrifugally Cast Iron Pipe 


WORKS: PHILLIPSBURG, N. J. and EVERETT, MASS. 
Large Stock Enables Us to Make Prompt Shipments 
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Get Full Service From Old Mains 


The most practical way to meet today’s overload 
demand is to clean clogged water mains. FLEXIBLE 
Underground Pipe Cleaning Co., specializes in such 
jobs— any size-—2” to 72”. 


RAY BAHR 


41 GREENWAY, HAMDEN, CONNECTICUT 


New England 
Representative 


Pipe Founders Sales Corporation 
CAST IRON PIPE AND FITTINGS 
FOR 
Water, Steam, Gas and Culverts 
Special Flanged and Bell and Spigot Castings 
Lyncast Iron Chemical Castings 


Office: 6 Beacon Street, Boston Warehouse and Yard: East Cambridge, Mass. 


UTILITIES SUPPLY CORPORATION 


Distributors of Water Works Supplies and 
Materials for Mains and Services 


Revere Copper Tubing, Type K Construction Tools: Shovels, Cold 
Hays Brass Goods and Cutters, Lanterns, Picks, Sledges. 


Erie Service Boxes Jointing Materials: Twisted or 


Buffalo Gate and Service Boxes Braided Jute, Runners, Pots, 
Cast Iron Fittings—AWWA or Ladles, Hydro Rings, Pig Lead 
Short Pattern and Lead Wool. 


Furnaces: Complete Hauck Line. 


Mineralead Jointing Compounds 


Office and Warehouse 
425 Riverside Avenue 
MEDFORD, MASSACHUSETTS 

My 8-9023 
My 8-9024 
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1i879—ROSS— 1879 


AUTOMATIC VALVES 


Controls elevation 


of water A self contained 
unit, with 
por controls 
reservoirs three or more 
automatic 
ALTITUDE VALVE 
1. Single Acting 
2. Double Acting COMBINATION VALVE 


Combination automatic control both di- 
rections through the valve. 


Maintains 


desired discharge 
pressure 
Maintains 
in safe operating 
rate of flow pressures 
for 
conduits, 
distribution and 
pump 
REDUCING VALVE 


Regulates pressures in gravity and pump 
systems; between reservoirs and zones of 
different pressures, etc. 


SURGE-RELIEF VALVE 


Maintains 
levels in tank, 
reservoir 
or basin Electric 


remote control— 
1. As direct solenoid or 
acting moter 
can be 


2. Pilot oper- 
ated and with furnished 
float traveling 
between two 
stops, for upper 


and lower limit REMOTE CONTROL VALVE 
of water eleva- 
tion. 


Adapted for use as primary or second- 
ary control on any of the hydraulically 
controlled or operated valves. 


FLOAT VALVE 


ROSS VALVE MFG. CO., INC. Box 592 TROY,N. Y. 
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ADVERTISEMENTS. 


Fig. 250 


RED HED COMPRESSION VALVE 


A Sturdy Well Built Valve for Long, Hard Service. 
85 Per Cent Virgin Copper—250 Pound Test. Inde- 
pendent Drip—Renewable Seats. 


Seldom is an inferior article imitated. RED HED Brass 


Goods have long been recognized for their high quality 


of material and workmanship. 


When purchasing Water Works Brass Goods, the name, 
RED HED, cast or marked on each piece, will assure 
the buyer of less trouble, annoyance, and expense in 


replacements. 


RED HED MFG. CO. 


Manufacturers of 


RED HED Brass Goods for Water Works 
368 Congress Street Boston 10, Mass. 
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ADVERTISEMENTS. xxV 


No question about it; the most popular beverage of all is 
good drinking water—water that tastes right, smells right 
and looks right. 


And there’s no reason for water not to be “right.” Where 
Welsbach Ozonating equipment is used, consumers know 
the pleasure of drinking water free from disagreeable 
chlorinous odors, offensive “medicinal” tastes and objec- 
tionable color. 


The biggest Ozone installation in the world (serving the 
Belmont filtration area in Philadelphia) proves that 
through Welsbach, cities can get the most efficient type of 
water treatment at a cost that’s kind to the taxpayers. 


Everybody wants improved drinking water—and all com- 
munities can now have it. Water technicians, city officials 
and consulting engineers particularly will be interested in 
the Welsbach-Ozone story. They are invited to write about 
their water difficulties to The Welsbach Corporation. 
A frank, factual analysis will be made—at no 
cost or obligation. Also ask for, “Are Bath- 
less Thursdays Really Necessary?”, the pic- 
ture story booklet about the Welsbach-Ozone 
process and equipment. 


THE WELSBACH CORPORATION 


Ozone Processes Division 
1500 Walnut Street, Philadelphia 2, Pennsylvania 
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cage || THE HEFFERNAN PRESS 


AND 
HYDE-RO RINGS 


to join PRINTERS 


AND 


Tegul-Mineralead, the original 
plasticized sulfur compound joint, PUBLISHERS 
is easy and clean to work with, 
economical, too — needs no skilled 
labor, caulking or deep bell holes. 
HYDE-RO RINGS, rubber ring 
packing, are recommended for use 
with Tegul-Mineralead. Please 
write us at 17 Walnut Street, Mertz- 
town, Penna., and request Bulletin 


No. M10-1 and M10-5. 150 FREMONT STREET 


WORCESTER, MASSACHUSETTS 
AS MINERAL PRODUCTS COMPANY 


MERTZTOWN, PENNA HOUSTON, TEXAS 


*Trade Mark Registered 


Attention Mr. Water Works Superintendent | | 
CEMENT LINED SERVICE PIPE:— 


Resists Corrosion 
Has proven practical for nearly three-quarters of a century 


Immediate dclivery can be made to waterworks on 
both wrought iron and steel, black or galvanized. 


“SPECIFY EUREKA PIPE" 


EUREKA PIPE COMPANY, Inc. 


Manufacturers of CENTRIFUGAL CEMENT LINED PIPE and 
LEAD AND TIN LINED FITTINGS 
591-593 WASHINGTON ST. TEL. 3-9550 LYNN, MAss. 


Chemical Fire and Rust Proofing Corp. 


Lining and Coating of Pipe, Couplings, Joints, Tanks, 
Piling, Structural Steel with Bituminous Enamel or 
Hydraulic Cement in strict conformity with AWWA 
Specifications. 


Ask for quotations 


841% Berkeley Street, Boston, Mass Liberty 2-5185 
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more water quicker 


from every 


RENSSELAER 


A hydrant should open quickly 
and easily — deliver a flood of water 
fast. 

It should shut tight and STAY 
tight — locked shut and secure. 

That’s exactly what every Rens- 
selaer Hydrant does. The main valve 
opens with the pressure. In full 
open position, the valve is backed 
against the casing, completely out 
of the waterway. Loss of head is 
minimized. 

The powerful knuckle-joint action 
of steel forgings bearing against the 
case mechanically closes the valve 
and locks it shut. Valve has special 
rubber face that will not scar or leak. 

Other features include solid 
bronze vital parts, for long life. 
Fast non-clog draining. No water- 
hammer. No flooding if barrel is 
broken. No digging to repair brok- 
en barrel. And one man can easily 
remove and replace all working 
parts, without special tools or hoist, 
just by removing the head. 

There are thousands of Rensselaer 
Hydrants in satisfactory service. 
More are being put in all the time. 


KNUCKLE- 
JOINT 


VA RENSSELAER 


SHUT VALVE COMPANY 
Check Topping Sleves ond Air Relose Vos 
TROY, NEW YORK 


of Neptune Meter Company 


Atlanta, Bala Cynwyd, Pa., Chicago, = 

‘a Haverhill, Mass., Kansas City, Los ngeles, 

agg a an = Memphis, Oklahoma City, Pittsburgh, San Fran- 
and with mechanical joint. cisco, Seattle, Waco. 
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ADVERTISEMENTS. 


EFORE you specify pipe for water 
mains, be sure to consider the 
inside, as well as the outside. 
Here’s what you'll find inside 
“Century”’ Asbestos-Cement Pipe : 


A SMOOTH, CLEAN BORE THAT STAYS 
THAT WAY!— “Century” Asbestos- 
Cement Pipe is formed on a smooth, 
steel mandrel—the pipe’s interior 
takes its surface from this . . . perm- 
anently smooth! (Williams and 
Hazen Constant “‘C” is conserva- 
tively placed at 140 for “‘Century”’ 
Asbestos-Cement Pipe). 


A NON-TUBERCULATING SURFACE! 
Tuberculation, one of the pipe 
enemies from within, first increases 
friction, then reduces flow area. This 
cannot happen with ‘‘Century’’ 
Asbestos-Cement Pipe. It is entirely 
non-metallic. Initial flow capacity 
remains constant! 

A SURFACE THAT RESISTS CORROSION ! 
Though corrosion is usually an 
external enemy of pipe, certain 
combinations of water chemicals, 


Installation crew laying “‘Century”’ Pipe 
through wooded area. 


together with electrolysis, can bring 
about internal pipe corrosion and 
deterioration. ‘“‘Century”’ Asbestos- 
Cement Pipe is entirely mineral in 
nature—is immune to electrolysis 
—resists all corrosion factors, both 
internal and external! 


AND CONSIDER THE OTHER FEATURES OF 
“CENTURY” ASBESTOS-CEMENT PIPE: 
“Century” Pipe is exceptionally 
strong, yet, light in weight. It can 
be handled easily, laid quickly, 
without special laying equipment. 
The “Century” Simplex Couplings 
are of the same Asbestos and 
Cement composition as the pipe— 
permit rapid, easy laying of both 
straight runs and curves up to 5° 
deflection per pipe length. And, so 
permanently strong and unchanging 
is “Century” Pipe, that it can be 
recovered and laid in its original 
pressure class! 


BEFORE YOU BUY OR SPECIFY ANY PIPE 
FOR WATER MAINS, get the complete 
story on Keasbey & Mattison 
“Century” Asbestos-Cement Pipe. 
We'll gladly send details upon 
request. 


ANature made bsbeslos... 
Keasbey & Mattison 
has made it serve mankind 
since 1873 


KEASBEY & MATTISON 


COMPANY AMBLER e 


PENNSYLVANIA 
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ADVERTISEMENTS. 


Long life and low maintenance cost of 
mains laid under city streets depend 
not orfly on effective resistance to corrosion 
but on definite strength factors. The 
four strength factors that pipe must have 
to withstand beam stress, external 

loads. traffic shocks and severe working 
pressures, are listed in the box opposite. 
No pipe that is deficient in any of 
these strength factors should ever be 
laid in paved streets of cities, towns or 
villages. Cast iron water and gas mains, 
laid over a century ago, are serving 

in the streets of more than 30 cities in 


BURSTING 
— 
CAST IRON PIPE RESEARCH ASSOCIATION, THOS. F. WOLFE, MANAGING DIRECTOR, 122 SO. MICHIGAN AVE., CHICAGO 3. 


INSIST ON STRENGTH 
in pipe for city streets 


CRUSHING 
STRENGTH 


BEAM of soil by other utilities, or resting on an 


STRENGTH 


SHOCK 
STRENGTH 


CAST IRON PIPE 


xxxiii 
The ability of cast iron pipe to withstand 
a external loads imposed by heavy fill and un- 
ea: E usual traffic loads is proved by the Ring 
|. Compression Test. Standard 6-inch cast iron 
a pipe withstands a crushing weight of more 
than 14,000 lbs. per foot. 
ee” When cast iron pipe is subjected to beam 4 
ae struction, tests prove that standard 6-inch cast 
ms iron pipe in 10-foot span sustains a load of ; 
2 15.000 ibs. 
oe The toughness of cast iron pipe which enables 
ice it to withstand impact and tratfic shocks, as 
well as the hazards in handling, is demon 
— strated by the Impact Test. While under hydro- ” 
a static pressure and the heavy blows from a ae 
50 pound hammer, standard 6-inch cast iron 
oe; Pipe does not crack until the hammer is 
Bees: the United States and Canada. Such dropped 6 times on the same spot from pro- 7 
service records prove that cast iron pipe 
not only resists corrosion but combines 
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Boston’s Faneuil Hall, popularly called “‘The Cradle of Liberty’, as it looked 100 years ago 


Pee: Massachusetts, has cast iron 

water and gas mains in service that were 
installed more than a century ago. In those 
days, modern pavements were unknown; 

labor costs were low. Today, the expense of 
unnecessarily frequent repairs to underground 
mains, or untimely replacements, and 
consequent restoration of costly pavements, 

is a risk you cannot afford to gamble with. 
Cast iron pipe has an established record of 


long life and low maintenance. It effectively cast iron 


resists corrosion and possesses the four 
strength factors so necessary to meet the 
stresses imposed by modern traffic and 


crowded underground construction. These pellieees GAS SEWERAGE 

are shock, crushing, bursting and beam AND INDUSTRIAL SERVICE 
strengths. No pipe deficient in any of these 

strength factors should ever be laid in paved NUMBER ONE OF A SERIES 
streets of cities, towns and villages. 
United States Pipe and Foundry Co., 
General Offices, Burlington, N. J. Plants 
and Sales Offices Throughout the U. S. A. 
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New England Water Works Association 


is a quarterly publication, containing the papers read at the meetings, to- 
gether with reports of the discussions. Many of the contributions are from 
writers of the highest standing in their profession. It aflords a convenient 
medium for the interchange of information and experience between the 
members, who are so widely separated as to find frequent meetings an im- 
possibility. Its success has more than met the expectation of its projectors; 
there is a large and increasing demand for its issues, and every addition to its 
subscription list is a material aid in extending its field of usefulness. 

All members of the Association receive the JourNAL for three dollars per 
annum which sum is included in their annual dues; to all others the sub- 
scription is four dollars per annum. 


TO ADVERTISERS 


HE attention of parties dealing in goods used by Water Department is 
called to the JouRNAL OF THE New EncLaAnD Water Works AssociATION 
as an advertising medium. 


Its subscribers include the principal Water Works ENGINEERS AND Con- 
TRACTORS in the United States. The paid circulation is 1,100 copies. 


Being filled with original matter of the greatest interest to Water Works 
officials it is PRESERVED and constantly REFERRED TO BY THEM, and 
advertisers are thus more certain to REACH BUYERS than by any other 
means. 


The JouRNAL is not published as a means of revenue, advertising being 
inserted solely to help meet the large expense of publication. 


ADVERTISING RATES 


One Issue Four Issues 


Quarter Page 
Eighth Page 
One Page, 2 Colors 
Back Cover 
Cards, 1/12 Page 
Size of page, 444x7% net. 


A sample copy will be sent on application. 
For further information, address the Advertising Agent, 


Mrs. Atice R. MELROsE, 
73 TREMONT STREET, 
Boston 8, MAssaACHUSETTS 
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COSTS ARE REDUCED WHEN LEADITE IS USED 


Of course, the greatest advantage in using LEADITE, is, that 
it makes a good, tight joint,—and thus reduces leakage to a 
minimum,—but LEADITE also offers the following advan- 
tages, which are worthy of serious consideration: Saves 
caulking expenses—Reduces cost of digging large bell-holes 
—Saves in cost of material—Reduces time required for 
pumping “wet trenches”—Saves time in preparation—Saves 
time in handling on the job—Saves in freight and hauling 
charges. 


Another point, LEADITE saves “interest charges” by speed- 
ing up the completion of the water line. 


The true value of LEADITE is best indicated by the fact that 
it has been used on THOUSANDS OF MILES of Water 
Mains,—all over this Country, as well as in many Overseas 
Countries. 


The Pioneer self-caulking material for c. i. pipe, 
Tested and used for over 40 years, 
Saves at least 75%. 


THE LEADITE COMPANY 


Girard Trust Company Building — Philadelphia, Penna. 
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